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PREFACE

This soil report was prepared for the Savannah Sugar Company, Yola, North Eastern
State of Nigeria by Kenting Barth Sciences Iimited. The primary purpose of the
report is to describe, classify and map the alluvial soils of the Benue River
around the Numan area, and to provide basic information necessary for the selec-
tion of the best lands for large~scale sugar cane production.

The soils were classified according to their textural profile which was repre-
sented by the textural class symbol of successive 25 cm thick horizons. Textural
profiles in which the sequence and the dominance of the textural classes were
gimilar have been classed together as textural groups. Soils map has been pro-
duced at 1:10,000 scale to indicate the approximate location and the distribution
of each textural group and subgroup within the project area.

The irrigation capability of each soil unit for the sugar cane production was
indicated on the 1:10,000 scale irrigation capability maps. Specific problema
related to various undesirable soil characteristics for sugar cane production
were also shown on 1:10,000 maps which has been produced separately. ;

The report presents description and data on the origins, mode of formation, capa-
bilities and limitations of soils for irrigation. The report is divided into
five parts. Part I describes the procedures, standards and definitions used to
classify soils, and their irrigation capability classes for sugar cane production.
Part IT presents a key to the soils of the area, gives a detalled description of
the physical, chemical and morphological features of the textural groups, and
describes the characteristics and irrigation potential of each groups. Part IIX
presents a grouping of soils into irrigation capability classes, and interpretis
the capability and limitation of soils for sugar cane production. Part IV dis~
cusses the specific problems relating to the land classification, such as heavy
texture, low hydraulic conductivities, etc., which may affect the ultimate suite-
bility of the area for a sugar cane production. Part V consists of appendices to
the main text.. It includes methods of analysis and also lists the standards
used to classify analytical results; and the physical and chemical analysis of
the collected soil: samples. A small glossary is added to the appendix to explain
most of the terms used in the text.

L ]
The field work of this soil survey was carried out by the Savannah Sugar C@ipany
staff under the direction of Mr. M. J. Slater. Soil samples were analysed in the
Kentir Earth Sciences laboratory in Jos under the direction of Mr. H. Yuksel.
Mr. P.!Vroemen was responsible for the cartographic work. Soils were mapped and
the report was written by Mr. H. Yuksel.
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SUMIMARY

The soil survey of the alluvial soils around the Numan area for large
scale sugar cane production covers some 12,797 acres. The area surveyed
comprises the lands on the levee deposits of the Bemume River and part of
the backswamp deposits bshind theme. The levee deposits consist of extre—
mely variable textures over quite short distances. This results in
different drainage and irrigation requirements. In addition, sandy
strata may occur at any depth of the profile with variable thicknesse.
Bacswanmp deposits have fairly uniform texture throughout the areae.
However, in these parts, the clay content is usually extremely high,
sometimes more than TC percent, making irrigation almost impossible
because of the anticipated drainage and alkalinity problems.

The soils are classified according to texture since it is the most

stable propsrty of the alluvial soils. Irrigation land classes for

sugar cazne production were determined according to a series of standards
modified from the U.S.D.I. Burean of Reclamation Manusl for Nigerian
condition and sugar cane growth. These standards were determined jointly
with the Savarnmah Sugar Company Limited, Yola, North East State. They
are believed to have high practical value for the soils of the project
arcae

Of the 12,797 acrea of lands surveyved, 9556 =zcres or T4.T7 percent of
LI | o !) [
|

lands were classified as irrigable with a variable degrse of suitability
for irrigated sugar cane production. Aprroximately 3241 acres or 25.3
percent of lsnds are found to be not suitable for sugar cane growth due

to the extreme deficiencies in soil, topegraphy and drainage conditions.
Approximately 5011 acres of lands (39.2 perceni) are classified as class 1y
being highly suitable for sugar cane. All these soils are fine fexbured
with a very high clay content which may create some drainage problems
with a prolonged irrigzation practices. Approximately 6.7 percent of the
orojsct area (860 acres) is moderately suitable for sugar cane, having
moderatze limitation such as medium textures, low available water holding
capacity, and low C.E.Ce Some 3078 acres of lands (241 percent) are
suitable for irrigated sugar cane production, mt approach mawginality
due to the extreme deficiencies in soil characteristics, such as mode—
rately coarse texbture, rapid hydreamlic conductivity, and low water holding
capacityes Approximately 4.7 percent of the project area (607 acres)is
marginally suitable: for sugar cane growth due to the coarse texiure, low
C.E.Ce and low available moisture content. Some 3241 acres (25.3 percent)
of lands are not suitable for sugar cane growth. Out of this, 1410 acres
(11.0 percent) of soils have very coarse textured profiles which have
very low water holding capacity and C.E.Ce Permzment lokes and swamps
cover some 1831 acres or 14.3 percent of the project areae.

Approximately 9024 acres of lands or 79.4 percent of the project ares
have specific problems or anticipated problems under the prolonged irri-
gation. Some 6286 acres or 49.1 percent of the soils have extremely slow
permeability which requires very carefil management to prevent water
logging and alkalinity. Although most of the area has microrelief which
requires levelling, some 20 acres of lands have been mapped as depression

iv




-

- 8 8

where the relief is up to 1 me Approximately 583 acres of lands (4.6
percent) have a gently undulating topography with a slope up to 2 per—
cent.

Sope 1090 acres of lands (8.5 percent) have very fine texture with a
clay content more then 70 percent. 1082 acres of lands (8.5 percent)
have a permanently high water table due to the influence of nearky
swamps and lakese
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PART I

BACKGROUND, PROCEDURES AND DEFINITIONS

1.1+ Backgrounds

The possibility of developing the Numam area for large-soale sugar cane
production was suggested by the Commonwealth Development corporatiom in
1968 and a Mission undertalken by CDC in 1970 reached the conclusion that
the climatic aznd the gemeral conditions of the area were suitable for

the produnction of commercial yields of sugar cane. Savannah Sugar Com—
pany limited started its pilot project operatiom in Numan in September
1970 and its operation has been extemded up to the present time. Among
the main objectives of this pilot scheme were to assemble all necessary
information om topography, soils and hydrology by means of soil survey and
to collect available data, together with air photography.

The reconnaigssance survey of the area was done by the CDC migsion in
1970 and the results were presented to the govermment. All the nece-
ssary informatiom relating to the extent and the location of the area,
and the physiogravhic factors affecting soil formation, such as ftopo-
graphy, geology and climate are referred to that reporte.

The detailed soik survey of the project area was carried out by Savannah
Sugar Co. staff in 1974. Kenting Barth Sciences Limited was them asked
to compile the collected data, to prepare soil and land capability mape
and to write the soil report. The project area was visited for a short
period in March 1975. BSome additional samples were collected and the
s0il pita were examined randomly to check the accuracy of the profile
descriptions made by the Soil Survey assistants, and to obtain a better
idea of the conditioms within the project area. The soil information
collected during this visit and the previous survey, along with the
analytical data from the soils laboratory provided a basis for the .
classification of lands for irrigatiom for sugar cane productiom and irgp
formation about the limitations and recommendatioms for the best use
of-';‘qaoh soil in the project areae

12 Iield Works:

Soil pit locations were established according to a 500 m x 100 m grid
system on the 1:10,000 scale topographic maps. An E~W base line was

estPlished in the field and marked at every five hundred meters by

the benchmarks. From each benchmark, penetration lines were extended
towards N and S, being perpendicular to the base line. On each pene-
tration line the soil pit locatioms were marked every 100 mes Thue one
pit was the representative of 5 ha of land. Every pit was numbered as
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N1, N2, N3, etc. to the North; and S1, S2, S3, ete. to the South, starting from
the base line. Penetration lines were marked as B.L.1, B.L.2, etc. from west
to east. In total 27 penetration lines and 738 soil pit locations were
established. Soil pits were dug at each location up to 2 m depth and a
detailed morphological description of each pit was made. Soil samples were
collected from the locations where it was thought that there were a major
morvhological changes in the profile. In the more uniform areas, however,
samples were collected avproximately from every fourth pit.

The textural characteristics of the profile are the major factor for the
clagsification of the soils in this study. Therefore the accuracy of the field
texture has prime importance. However, the comparison of laboratory results
and field determinations showed considerable differences between the two. It
was desirable that additional samples should be collected from every horizon
for the texture determinations in the laboratory, in addition to the detailed
analysis of the selected samples. More accurate data on the textural charac-—
teristics of the project area would have been obtained. Unfortunately it was
not possible to check the accuracy of the field textures descriptions made by
different surveyors. Therefore there was no alternative but to accept the
field texture determinations as they were.

Laboratory Work:

Soil samples brought in from the field were air dried and passed through a

2-m sieve by the Savamnah Sugar Company Limited. They were then sent to
Kenting Earth Sciences Laboratory in Jos. BEach sample was registered and given
a laboratory number. The samples collected from each horizon of the selected
soll pits were analysed to determine the following characteristics: texture
moisture equivalent, field capacity, wilting point, saturation percentage,
hydraulic conductivity, electrical conductivity, pH in water and in KCl; ex-—
changeable cations (calcium, magnesium, sodium and potassium); total exchange-—
able bases; cation exchange capacity; and derived values, such as percent base
saturations; sodium absorption ratio (S.A.R.); and exchangeable sodium percente~
age (B.S.P.). The methods of analysis used and the standards to classify
analytical: results are given in Appendix I.

»

Soil Mappings

Specific problems ,pxisted in the project area concerming accurate and rapid
presentation of the soil information in a relatively short time, First, the
textural composition of the alluvial deposits of the levees is extremely
variable, ranging from sand to clay in a very short distance. In addition to
the marked variations in the textural compesition, a sandy stratum occurs in
many areas in variable depth and thickness, and in some areas this stratum may
reach to the surface. The definition of series and the classification of
soils in alluvium is extremely difficult, as these soils are young and immature
soils, and do not have genetically related horizons as residual soils have.
Above 211, the lack of topographic relief throughout the project area made it
difficult to recognize and to delineate the different soil groups on the
aerial photographs.
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Most of these problems were overcome by grouping the profiles in which
the sequence and the dominance of the textural characteristics were
gimilar. BEmphasis was placed on the "fextural classification' of soils
rather than establishing soil series. This type of textural mapping is
believed to be the only solution of the problems of textural complexity
and flatness of the project area.

As the laboratory resulits were obtained fixed observations were corre—
lated with the analytical data. Then the textural profile formula for
each soil pit was determined according to the criteria explained in
gsection 1.5« This information was then transferred onto 1:10,000 scale
aerial photographs. Detailed photo-~interpretation was carried out,
delineating different textural groups and subgroups. These soil boun—
daries and symbols were then transferred onto 1:10,000 scale photo
mosaicse. Overlays for each photomosaic were prepared. Capability
clasgification of each mapping unit were determined according to the
criteria given in section 1e6. This informatiomn was further used %o
prepare capability map of the project soils for sugar cazne productione
Specific problems relating to the capabilities of lands for sugar cane
productions, such as soils with high amount of clay, or high E.S.P; or
soils with extremely low hydraulic conductivities, were shown on a
geparate map as "problem areas®.

Soil Classifications:

The object of a soil survey is to classify and map the soil wnits that
are found in a defined areae The basic units in the field classification
system are the soil series. A soil series consists of soils that are
developad on a similar parent material and under essentially similar
climate and environmental conditioms, particularly drainages. Any signi-
ficant variation in one or more soil forming factors results in a diffe-
rent arrangements or formations of soil profiles; thus the soil is clage
sified as a different series. Individual soil series may occupy large,
continuous land areas, tut more commonly are associated with other series
in a complex landscape pattern. In some cases this is a result of loeal
differences in relief and drainage, while in other it is due to the close
association of different parent materialse

Definition of soil series of alluvial soils presents many problems as

they do not have sequences of genetically related horizons. Since they
are young, immatur., soils, it is difficult to select morpho-genetic cri-
teria on which to base soil series. Materials laid dowm by water have
layers that differ greatly in some characteristics, such as texture, but
the occurrence of these layers are rather accidental and governed by
geological process and they do not bear any genetic relation to each cther.
If every difference of such layers were used as a basis for separating
series, an almost infinite number of series could be recognized among
alluvial soilse This would eliminate the purpose of the soil series,

As a rule, the separation of soil series in alluvial soils are based on
the texture since it is the most stable property of these soils. In this
study, soil texture was used as a basis for soil classificatione The
criteria used here was adopted from D.A. Holmes and S. Western (2).
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The Classification of Texture:

The soil particle diameters used to define sand, silt and clay
fractions and texture classes are those of the U.S.D.A. Handbook
No. 18, Soil Survey Mammal (3). The texture range is divided
into four "textural units" as follows:

1o Coarse texture (L) = All grades of sand and loamy sande

2, Coarse-Medium texture (M) -~ Sandy loam, fine sandy loam, very
fine sandy loam, light loam, light silt loame.

3. FPFine-Medium texture (H) -~ Heavy loam, heavy silt loam; silt
clay loam, olay loame

4. Fine texture (V) = sandy clay, silt clay, clay, heavy claye
These textural units are defined quantitatively in Figure 1.

The significant factor in the separation of medium textures into
coarse-medium (M) and fine-medium (H) is the clay contemts The
definitive clay content is taken at 20 percent, thus separating
U.S.DsAe loams and silt loams into light and heavy classes.

This is believed to give better understanding of the type of the
deposition since the clay content of the sediments and the size
of the silt and sand fraction is closely related to the movement
of the rivere

Taxtural Profilae Formulal

The upper soil textural profile (0=150 cm) was amnotated by a six
gymbol forrmla, each symbol representing the textural class of
successive 25 cm thick layerse Two or more adjacent 25 cm layers
of the same textural coding were denoted by a numeric frequency
symbol (Figure 2). In horizoms where textural strata did not
correspond to the 25 cm intervals, layers of 15 cm thickness were
denoted by a capital letier, layers of 19 cm thickness were denoted
by a lower case letter. Layers of 5 cm or less were ignored.
During the initial field work done by Savamah Sugar Co. Staff,
all depths were given in inchese. They were converted to centimes
tres before the actual soil classification.

Textural Groups: ¥

Textural profiles in which the sequence and dominance of textural
units were similar have been classed together. These clasaes
wers called textural groups and were based on two combined units
of the four basic textural unite, i.ee. L, N, H and V:

1. Coarse and coarse-medium textures (LM)
2, Fine and fine-very fine texturee (HV)

This combination reduced the mapping complexity as far as possible.
The relationship of these combined unite, LM and HV, within the
textural profile, was the diagnostic factor in textural group
classification. .
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Generally, the profile forms a simple sequence in which the re—
lationship is straightforwarde The following basic textural groups
and subgroups have been recognized in the project areae

16563010
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Group A: This group consigts of almost entirely of IM

textures (PFigure 3)

The following subgroups are separated according to the
dominance of the L or M textures:

A1 = This subgroup consists of textural profile in which
I, and M textures occupy approximately the same pro-
portion of the upper soil depth rangese; ..’

e.g. 10, w12, ¥1IML

Textural profile symbol: A

A2 = This subgroup consists of textural profiles which
almost entirely consist of L textures, «. .

e.g. 10, 17 &

Textural profile symbols AL
A3 = This subgroup consists of textural profiles which
almost entirely consists of M textures, '« .

e.g. M6, B %

A4 = This subgroup consists of textural profiles in which
L textures occupy 4 horizons or more,; .. =

Textural profile symbol: A LU

A5 - This subgroup consists of textural profilee in which

i textures occupy 4 horizons or more; « ‘=
e.g. M4L2' LH4L, LZM ?a: :
Textural profile symbol: AML »

Group B: This group consists of textural profiles in
which LM textures overlie HV textures (Figure 3).

epge WAL, WLNZ, 1u P 2

The LM layers which were less than 50 cm (shallow) was
shown as Bs, and the LM layers which were more than
100 cm (deep) was shown as Bde
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The following subgroups were separated according to the

thickness of LM layers and the dominance of Ly M, H or
V textures.

B1 = This subgroup consists of textural profiles in
which LM and HV texbtures occupy approximately the
Same proportion of the upper soil depth range,

eeZe m3v3, 1% w2, mzL-g v2

Textural profile symbol: B

B2 = This subgroup consists of textural profiles in which
LH layers ars shallow and H textures occupy the
lower horizons almost entirely,

eoge L B, 142;13%,1;4%33

Textural profile symbol: BsH

B3 = This subgroup consists of textural profiles in which
LM layers are shallow and V textures almost entirely
occupy the lower horizons,

eoge 12 V4, 1 3 VP, .
Textural profile symbol: BsV

B4 ~ This subgroup consists of textural profiles in which
IM layers are shallowe . H textures occupy more than
2 layers and V textures occupy at least 1 layer in
the lower horizon,

Cele L2 H3V, Lﬁ Hd % V, H% H3

Textural profile symbol: RsHV

B5~ This subgroup consiste of textural profilee in which
IM layers are shallow. V textures oceupy more than
2 layers and H textures ccoupy at least 1 layer in
the lower horizom,

& eege NVH, ML v? I, 12 2vE
Textural profile symbol: BsVH

B6 — This subgroup consists of textural profiles in which
L layers cccupy more tham 100 cm of the upper soil
depth range and lower layersa consist of HV tertnru,

cuge 142, v, 13 L 2

Textural profile symbol: BdL

BT = This subgroup consists of textural profiles in which
M layers occupy more than 100 om of the upper goil
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depth range and lower layers consist of HV textures,

Cefle M5V, M4 "% H' N4V2
Textural profile symbol: BdM

This subgroup consists of textural profiles in which
LM layers are deepe- L Sextures occupy more than 2
layers and M textures occupy at least 1 layer in
the upper horizons,

Cele LBWZ. I.HLZHV' mLz

Textural profile symbol: Bd LM

Lo B
4 &

This subgroup consists of textural profiles in which
LM layers are deepe M textures occupy more than

2 layers and L textures occupy at least 1 layer in
the upper horizons,

eogs 12 ¥ 175, 1;43’%3, wa ¥ §

Textural profile symbol: BdML.

Group C: This group consists of textural profiles in

which HV textures overlie LM textures (Figure 3).

3, v B2, pvA’

2 X
e.gon,V;

The HV layers which ocoupied less than 50 om (shallow)
were shown as Cs, and the HV layers which occupied more
than 100 cm (deep) were shown as Cd.

The following subgroups were separated according to the
thickness of HV layers and the dominance of L, M; H and
V texturese.

€1 - This subgroup consists of textural profiles in which
HV and LM textures occupy approximately the same
proportion of the upper soil depth range,

oo V3M3, V?h L3, H3L3

Textural profile symbol: C

C2 - This subgroup consists of textural profiles in which
HV layers ocoupy less than 50 cm (shallow) and L.
textures occupy almost all the lower horizons,

Cefle HL5' H"vi' L4' VL4 l"

M
Textural profile symbol: CsL
€3 «~ This subgroup consists of textural profiles in which

HV layers are shallow (less than 50 cm) and M textures
occupy almost the entire lower horizonms,

€efe VMS, H2M4, H % MB'%

Textural profile symbol: CsM
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C4 - This subgroup consists of textural profiles in which
HV layers are shallowe. L textures occupy more than
2 layers and M textures occupy at least 1 layer in

i the lower horizons,

' 3.2 H L .2

Textural profile symbol: CsLi

C5 = This subgroup consists of textural profiles in which
HV layers are less tham 50 om (shallow)e M textures
occupy more than 2 layers and L texiures occupy at
least 1 layer in the lower horizons,

Cele v H4L’ H IEPL' HVU‘3

Textural profile symbol: CsML

H layers are deeper than 100 cm of the upper soil
depth range and lower horizons caemsist of LM textures,

sy Phs 105 -Er«iz

Textural profile symbol: CdH

C7 = This subgroup consists of textural profiles in which
V layers are deeper than 100 cm of the upper goil
depth range, and lower horizons consists of L) textures,

e ‘JBM, ‘141.!‘4, ‘:"4 -E L
Pextural profile symbol: CdV

¢8 — This subgroup consists of textural profiles in which
HV layers are deeper than 100 cme H textures ocoupy
more than 2 layers and V textures occupy at least
1 layer of the upper horizons,

3 E
v

“ C6 = This subgroup consists of textural profiles in which
]
i
|
1
|
i

oege OV 12, B & VM, ROVELM

Pextural profile symbol: CAHV

(9 = This subgroup consists of textural profiles in which |
HV layers are deeper than 100 cme V textures occupy ul|
more than 2 layers and H textures occupy at least
1 layer of the upper horizons,

23 y |
nm |

2 -
e+ge V°HL®, VHV ML, VHV
Textural profile symbol: Cd VH

145+3+4s Group D: This group consists of textural profiles which
are more or less wholly comprised of HV textures (Figure 3).

8ee V6, H6, H3V3, Vs -E H2
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X7 =

X3 =

- 10 ==

e.gaﬂlﬂ{zl‘-ﬂi, LH HhMFI3

Textural profile symbol: XH

This subgroup consists of textural profiles in which
V textures occupy 4 or more horizoms, -

e.gs V2 LWV, LV 2 v, VLUV %

h
Textural profile symbol: XV

This subgroup almost entirely consists of L and V
textures which are interbedded to give no definite
sequence. V textures occupy 4 or more horizons and
L textures occupy at least 1 horizon,

Cele VZLVEL: L '.Ié Vzbv, LV4L

Textural profile symbol: XVL

This subgroup almost entirely consists of M and V
textures which are interbedded to give no definite
sequences V textures occupy 4 or more horizons, and
M textures occupy at least 1 horizon,

coge VI T B, s, X mv3m
Textural profile symbol: XVM

This subgroup consists of textural profiles in which
HV textures occupy 4 or more horizonse. V textures
usually occupy more than 2 layers and H textures
occupy at least 1 layer,

Y cawh

eege MVHL, LVEMVZ, Ly BV

Textural profile symbol: XVH
This subgroup almost entirely consists of H and M
textures which are interbedded and do not give any

definite sequence. H textures usually occupy appro-
ximately 4 layers and M textures occupy at least

1 layer,
CeEe M:H4M HMHZMH hﬂa i M'r']f‘

Textural profile symbol: XHM

This subgroup almost entirely H and L textures which
are interbedded to give no definite sequence. H

textures occupy approximately 4 layers and L textures
occupy at least 1 layer,

eoge HOLE, 1HL, B --LH
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Textural profile symbol: XHL

X11 = This subgroup are almost entirely comprised of M
and V textures which are interbedded. They do not
show any sequence. M textures occupy approximately
4 layers, end V textures occupy at least 1 layer,

eege MOVMVY, Ve T mv%ﬂ‘j’
Textural profile symbol: XMV

X12 = This subgroup almost entirely consists of M and H
textures which are interbedded and do né#k give any
definite sequence. M textures occupy at least 4
horizone, and H textures occupy 1 horizon or more,

eoge MECH, BH, 2 wn % M

Textural profile symbol: XMH

X13 - This subgroup consists of textural profiles in which
L textures occupy 4 or more horizons. M textures
usually occupy more than 2 layers and L textures
occupy at least 1 layer, i.ee

1M°VHY, M T LVMH, HOVINP

Textural profile symbol: XML

e —

Where soils have similar profile characteristics but vary in some
physical feature significant to their use and management, the soils
are classified as phasese Soil phases are based on external features,
such as topography, stoniness, and any other characteristice that

may occur within or below the solum j/.

The following socil phases were recognized and mapped separately.

a = Depressional topography

b = Gently undulating topography. Slope is usually more than 2
percent e

h - Very fine texture. The clay content is usually more than 70
percente.

il »

n = Alk&lmityo E.:S.Pe is highﬁr than 15.

p = Very low hydramlic conductivity. The H.C. iz less than O.1
cm/hr in the disturbed samples.

s = Salinjtye Electrical conductivity is higher than 4 mmhos/cm
at 25 Ce

@ :
1/ SOLUM: The upper part of a soil profile, above the parent material, in whioch

the processes of soil formation are active. The solum in mature soils
include the A and B horizons.
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=

W = Permanently high water tablee.

The symbols show above were used with the subgroup symbols to separate
different phases within the same subgroups, i.es Dlh, Diw, X1b etc.
These soil phases were identified and mapped separately as the scale
of mapping permitted. Some of the phases mentioned above, such as
salinity and alkalinity, were not mapped in the project area, because
all the analytical results were below the specific limits. However,
these phases can be used in the further studies of the backswampe
and vertisols, as some of these areas are believed to have salinity
and alkalinity problems. The same symbéls were also used on the
"gpecific problem areas" maps to indicate the type of the anticipated
problemse

1e6¢ Irrigation Capability Classifications

10601. General:

After the soil series and phases were established, they were placed
into one of five irrigation land capability . olasses, depending upon
their suitability and productivity under sustained sugar cane cule- .
tivation. i

The standards used in the placement of soils in the various irriga-
tion land classes are a modification of those proposed in the U.S.D.I.
Bureau of Reclamation Manual (1)e These standards were determined
jointly with the Savannah Sugar Company Limited im Yola; N.E. State,
and they are believed to have high practical value for the soils of
the project areae The detailed standards unsed in the placement of
lands in the various irrigation land classes are listed in Table 1.

Map symbols used on the general irrigation capability map are in

accordance with the U.3.B.R. Manual, except that the symbols for

actual land use were omitted on the assumption that the land clearing
will be provided with the project construction. Thise makes a clearer
and more readable irrigation capability map as a larger mapping unit |
could be usede The symbol for the land development cost was also |
omitted, since in the developing countries, the major land development ‘

costs, involving clearing and levelling are not land class-determininge.
These costs are a capital project investment costs rather than a pri~
vate farm cost. As such a maximum land development cost per unit areas
determines the influence of this factor in separating arable and non-
arable land, tut does not influence class rank within the arable range 1/e I
-
The major soil properties and qualities and related land factors were
also taken into account in order to place soils in the various irrige=
tion land classes. These properties were: soil texture, effective soil
depth, available water~holding capacity, permeability, erosion, potential
surface smoothness, slope, internal soil drainage, fertility, salinity
and alkalinity. It was decided that the infiltratiom test results

j/ According to the revised U.S.B.R. standardse. Private commmication with the
U.S.B.Re IEngineering and Research Center, Ref. No. 730-183, March 1, 1972,
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on the disturbed samples will not be used as a factor fto determine
the capability class of lands, since all the backswamp deposits
and part of the heavy textured levee deposits have hydranlic con-
ductivities slower than 0.1 cm/hr. These results, however, are
shown on a special map, indicating the areas having extremely low
hydreaunlic conductivities, and therefore being special problem
areas, which may require more careful management practices and
further detailed drainage studiese.

Four basic classes were used to group the arable lands according

to their suitability for agricultural irrigation and one class

to identify the non—arable lands. These classes represent lands
with progressively less ability to repay project construction costs.

1e0¢2s Capability Classes:

1.6.2.1.

16662024

. 1.6.2.3.
»

Cless 1: lands that are highly suifable for irrigated

sugar cane production, being capable of producing sus-
tained and relatively high yields of sugar cane at rea-
sonable costs. They are smocth lying flat landse The
soils are deep, fine textured, yet allowing easy pene-
tration of roots, air and water and having free drainage
and good available moisture capacity. These soils are
free from harmful accurmlation of salts. Both soil and
topographic conditions are such that minimum erosion
will result from irrigation, and land development can

be accomplished at relatively low cost. They may require
specific drainage networks due to the fine texture. These
lands potentially have a relatively high paymeat cape—
city.

Class 2: lands that are moderately suitable for irrigated
sugar cane production, being measurably lower tham class

1 in productive capacity. They are not so desirable nor
of such high value as lands of class 1 because of certain
correctable or nomcorrectable limitationse They may have
a lower available moisture capacity, as indicated by
coarser texture, or finer texture than class 1. They

may be moderately saline which may limit the productivitye.
A drainage network may be required due to the fine telktures
or high water table. Any one of these limitatione maf? be
sufficient to reduce the lands from class 1 to claass 2

but frequently a combination of two or more of them is
operating. The class 2 lands have intermediate payment
capacitye

Class 3: lands that are suitable for irrigated sugar

cane production but are approaching marginality because
of more extreme deficiencies in the soil, topographic
or drainage conditions than described for class 2 landse




AL\
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They may have cearser itexture, lower water holding
capacities or shallower seil depth te the sand layers [
than class 2 landse. They may have unevem topegraphy,
moderate to high osmcentration of salis or resiricted
drainage, susceptible of correction but only at rele=
tively high costse. Cenerally greater risk may be

involved in farming class 3 lands than the better

class of land, but under proper management they are '
expected to have adequate payment capacitys

14642.4¢ Class 4: lands that have severe limitatioms for
irrigated sugar cane productiom. They may have a
coarser texture, lower available moisture capacity,
or shallower depth to a sand layer than class 3 landse
They may have an inadequate drainage, or exceasive
salt content requiring intensive leaching or high
E.S.P. They have a payment capacity lower than class

3 but they are considered irrigable becamse of the

specific use anticipatede

1+6e2.5« Class 6: lands that are not suitable for irrigatione
Generally class 6 lands have the following limitations: .
lands with soils of very coarse or very fine texture
(having more than 70% clay), or very shallow soils over |
sand and gravel or hardpan; lands that have high cone
centrations of soluble salts or sodiume The class 6
lends generally do not have sufficient payment capacity
to warrant consideration for irrigatione.







Land Characteristics Clgss 1 Class II Class III Class IV
8 @ 3 .4 &
8¢ SODICITY
Area effected % 0 0-5% 5=15% 20%
E«SePe % 5 10 10=20 20%
Q¢ BASE EXCHANGE
0~=100 cm (meg/100 gms)
Ca 6 4 2 2
Mg 2 2 1 1
Na 002 0.2 0.2 0e2
K 1 08 0.4 Oe4
TOPOGRAPET
10, SLOPE % 0 e2=240 Oe1=0e2 Oe1 - -
DRAINAGE
11e Depth in cm to water
tablee
loam or finer 150 100=150 T5=100 25=T5
sands 125 25-125 50=75 25=T75
surface drainage good good restricted |restricted
internal drainage good good poor very poor
depth to drainage
barrier, (cm) 210 1 80=210 50-T5 4580
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PART IT

ESCRIPTION OF SCILS

GENERAL.

Differences in soil properties are generally caused by differences in one

_or more of the main soil-forming factors. Soil is the product of climate,

vegetation and topography acting on parent material over a period of time.
Climatic influences are mainly precipitation, temperature, and wind and
water erosion. TFurthermore, climate determines the type of vegetative cover
and degree of bhiological activity. Topography governs drainage and moisture
conditions, thus producing microclimatic variations which in turn produce
variability in vegetation cover. The greatest influence, however, is exer-
ted by the parent material itself with its inherent variability in such
characteristics as texture and mineralogy. This alteration process, often
referred to as weathering, and the extent of it, is entirely dependent upon
the intensity and length of time that these soil forming factors have been
operative.

The project area consists entirely of alluvial deposits of the Benue River.

ese deposits are comprised of levee deposits which have coarse to medium
textures, with backswamp deposits behind them. Therefore most of the
differences in the soil characteristics can be ascribed to the type of depo-
egpecially in the levee deposits.
Backswamp deposits have fairly uniform textural characteristics, due to the
uniform deposits of clay by the slowly flowing floods.

gition, which is extremely wariable,

DESCRIPTION OF MAPPING UNITS.

A key to the soils of the project area is pregented in Table 2. The soil
groups and subgroups are listed alphabetically. The hectarage figures
recorded in this table are estimated total area covered by each series.

The discussion of soil group and subgroups generally include description of
the profile type, texture, topography and drainage; a schematic description
of the representative profile and textural profile formula; and a discussion
of the irrigation potential of the subgroups. O

‘The approximate distribution of soils within the project area is shown on

'1:10,000 scale soil maps (Sheets 8, 9, 11 and 12). The soil characteristics
and the qualities of the textural subgroups are summarized in Table 2.

13
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Table 2 - Soils characteristics and the qualities of
the textural groups and subgroups.

Textural Textural Dominant i o i hl.ral
Subgroup Profile Type Texture ot g SN
i 4 sl ) Inclusions Symbol

Group A - Almost entirely IM textures

A1 IM
A2 " AL

AI'{I

i Bl |
1

A3 1 -
A4 3! L M ATM
AS 5 M L AL
Group B ~ Il textures overlie HV textures
B1 1)/BV - - B
B2 Shallow Ili/Deep HV H - BgH
B% " w n L T\Jr 1 B&v
B4 Ly . " . 1 Vv HsHV
B5 y . P » v H BsVH
B6 Deep 1M/Shallow HV 7 - BdL
B7 = - " " M - BaM
B8 oA L " L M BAIM
3{:, n n n " I n'I I, ‘Bd} l.ﬂ"
c1 HV/IM - - C
c2 Shallow HV/Deep IM L - CsL
C‘J] LU " n n M - CF':"T
C4 iy " o J L M CoIM
C5 ¥ Il e M L CsML
c7 Deep HV/Shallow IM ' - cav
(‘:} n L1 " "n -'_II' :[T F-IV-J'{
Group D - Almost entirely HV textures
D1 HV V - o
D2 . . H - DH
D3 2 v H DVH
Group X - IM and HV textures are interbedded
h & No segquence - X
X2 " " b ;{IJ
X3 n n s b ¢} ‘
x5 " n — xv |
L XVL l
M XVl

x10 " "
%19 n n
X12 n "
x13 n n
X14 " "
‘;(15 " "

FoEEEmddg= |

ol
3
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Subgroup A1 (92 acres)

This subgroup consists of textural profiles which are almost entirely of
coarse aznd coarse-medium textures. Meidum-coarse textures occupy equal
proportions of the textural profile. However, sandy strata may occur at
any depth interbedded with coarse-medium textures to give no definite
sequence., Sand layers sometimes can also be found at the surface. They
are usually found close on the river levees or nearby.

Although the color of the deposition may vary from one place to another,
they generally have very dark grayish colored surface layers. Lower
layers are usually of lighter color, which may vary from brown to yellow-
ish brown. They usually have fine, faint mottles throughout the profile.

A tyvical profile of the A1 subgroup is described below schematically.

Soil pit No: 235-15

0 o
Color: 10 YR 3/2
Cons. ¢ hard (d) SL " M
Mottles: faint — N |
L
Color: 10 YR 5/6 e
Cons. : loose (d) £s L
Mottles: faint : A
s - 90 M
Color: 10 YR 5/6 =
Cons, ¢ soft (m) SL f
Mottles: faint
M
S 150 -

Textural profile formula: ML2 % MP

Textural profile symbol: A

9
Irrigation Potential: Subgroup A1 is not suitable for irrigated sugar
cane production due to extreme deficiencies in soil characteristics. The
soils have low water holding capacities due to the coarse texture and
relatively rapid hydraulic conductivities. Although they do not have
accumulation of any harmful salts, their cation exchange capacities and
_natural fertilities are low.
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Subgroun A2 (74 acres)

This subgroup consists of textural vrofiles which are almost entirely
comprised of coarse textures. Coarse and fine sands occupy the entire
profile. Their color may vary, depending upon the type of the deposition.
However, they generally have very dark grayish brown surface layers due to
the accumulation of organic matter. Lower layers may have a color ranging
from dark yellowish brown to yellowish brown.

A typical profile of subgroup A2 is described below:
| < - (= -

Color: 10 YR 3/2 2 T
Cons. : hard (d) FS
Mottles: faint 30 ';T
Color: 10 YR 5/6 Fs -
Cons. : loose (d) : -
Mottles: faint / CoS L
75 P
Color: 10 YR 5/8 I
Cons. : loose (d) FS deh
Mottles: distinct
110 1
Color: 10 YR 4/4 :
Cons. : loose (d) Cc [
Mottles: distinc_:i_ L
Color: 10 YR 6/6 150 e
Cons, : loose (m) /////
Mottlect distinct
Textural profile formula: L(J
Textural profile symbol: AL

- Irrigation Potential:

~n
cane production.

This subgroup has no potential for irrigated sugar
Main limiting factors are the low water holding capa-
city, rapid hydraulic conductivitiy, low C.E.C., low natural fertility and
coarse texture throughout the profile.




AR EEEN

- 21 -

- Subgroup A3 (83 acres)

This subgroup congists of textural profiles which are almost entirely
comprised of coarse-medium (m) textures. The m textures are usually
sandy loams, loams and silt loams which contain less than 20 percent
clay. The occurrence and the arrangement of these textural units are
rather haphazard and do not give any definite sequence throughout the
profile.

The color of the layers is very variable, but the surface horizons gene-
rally have a very dark grayish color. Lower layers have colors varying
from very dark grayish gray to yellowish brown. Faint and distinct,
browvn mottles dominate throughout the profile,

A tyvical profile of subgroup A3 is described below schematically.

Soil pit No: 58 = 8

SColors: 10 YR 3/2 0 e
Cons. ¢ hard (d) L M
Mottles: faint 30 s

M

Color: 10 YR 5/4 pi.

Cons.: hard (d) s1, M

Mottles: faint e

—~ M

Color: om0 b {110 M
Cons. : hard (d)

Mottles: prominent SiL, i

M

SR A

m,

Textural profile formula: NG
Textural profile symbol: AM

- Irrigation Potential: This subgroup is suitable for sugar cane prod?ction,
,out approaching marginality. These lands are classified as class 3 for
drrigation due to the extreme defimiencies in soil characteristics. The
main limiting factors are moderately coarse texture, low water holding
capacities in some layers, and low C.E.C. In addition, due to the textural
characteristics, a nematode problem is also anticipated. Their producti-
vity for sugar cane production is low, but under special management they
By have an adequate payment capacity.
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- Subgroup A4 (72 acres)

This subgroup is comprised of profiles which congsist of coarse and coarse-
medium textures. Coarse textures usually dominate and occupy four or more
horizons. Ccarse-medium textures occupy at least one horizon. There is
no definite sequence of occurrence and the combination of these textural
layers, however, coarse-medium textures generally occur on the surface.

The color of the various layers show many variations. The surface layers
usually have very dark grayish colors due to the organic matter accumula~
tion., Lower layers have colors ranging from dark yellowish brown to yel-
lowish brown. They are slightly mottled throughout the profile.

A typical profile of subgroup A4 is described below schematically.

Soil pit No: 88 -~ 10

ol

Color: 10 YR 2/2 0 I
Cons.:  hard (d) SL M
Mottles: faint P 25 —
Color: 10 YR 3/4 to L
10 YR 5/6 fs e
Cons. : loose (d) L
Mottles: faint B L e 75 p—
L
Color: 10 YR 5/6 Eer
Cons. : loose (d)
Mottles: distinct CoS L
\ L

Textural profile formula: _MI.5

Teztural profile symbel: ALM

- Irrigation Potential: This subgroup has no potential for develoment for
an irrigated sugar cane oroduction due to the extreme deficiencies in soil
Characteristics. The main limiting factor is the coarse texture dominat-
ing throughout the profile., In relation to the texture they may have a
low available water capacity, low C.E.C. and low natural fertility. Their
productivities are very low and do not have any repayment capacity.
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~ Subgroup A5 (227 acres)

This subgroup is comprised of coarse and coarse medium textures, in which
coarse-medium textures are dominating. Coarse textures usually occupy at
least one horizon while coarse medium textures are found in four or more
horizons. The texture of the coarse-medium group ranges from sandy loam
to silt loam which contains less than 20 percent clay. Coarse textures
are. usually found interbedded with the coarse-medium textures, giving no
definite sequence. However, surface layers are usually of sandy loam or
silt loam textured, and the sandy stratum occurs within the lower
horizons.

Although the surface horizons have very dark grayish brown color, lower
horizons have colors ranging from dark yellowish brown to brownish yellow.
Upper horizons are usually faintly mottled, and the 1ﬂ+9151ty of mot*les
usually increases with depth.

A typical profile of subgroup A5 is described below schematically.
Soil pit No.: 115 - 2

Color: 10 YR 3/2 9 [
Cons. : hard (d) L M
Mottles: faint Sl 22 b
Color: 10 YR 4/4 i L
Cons, : hard f:'i) A
Mottles: prominent R
Colors: 10 YR 4/6 SL i
Cons. : hard (d) 05 .
Mottles: prominent _ﬂﬂﬂﬂﬁﬂ,fwf’“’ 3 1
Color: 10 YR 4/6 1S m
Cong. ¢ loose (m)

Mottles: distinct e

T e

Textural profile formula: M41,2

Textural profile symbol: AML
i

4
i

- Irrigation Potential: This subgroup has been classified as class 3, being
suitable for irrigation but approaching marginality due to the extreme soil
def:.ciencies for sugar cane production. The main limiting factors are the

groarse and coarse-medium textures which dominate throughout the profile.
Their C.E.C. is estimated to be low and the lower horizons especially have
very low available moisture capacity. The nematode problem is also antici-
pated due to the medium textures. Although their productivity for sugar
cane production is fairly low, these soils are believed to have an adequate
payment capacity under proper management.,

B S
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~ Subgroup B1 (87 acres)

This subgroup congists of textural profiles in which coarge-medium tex-
tures overlie the fine and wvery fine textures., Both textural group occupy
approximately equal proportions of the profile depth. Coarse and coarse-
medivm textures consist of silt loam to loam textures which contain less
than 20 percent clay. Lower horizons are occupied by fine textured depo-
sits in which the texture ranges from clay loam to clay.

The color of the surface horizons ranges from very dark grayish brown to
dark brown. Lower horizons may also have darker color because of the im-
perfect drainage. Surface layers are faintly mottled, but the intensity
and the denszity of the mottles increase after 30 cm. They are imperfectly
to poorly draindd due to the fine textured slowly permeable lower layers.

A typical profile of the subgroup Bl is described below schematically.

Soil pit No: 2N-2

Color: 10 YR 3/2 ¢ '"”'
Cons. : hard (d) SiL M
Mottles: faint Jeowsns
32

Color: 10 YR 3/3 j{_
Cons. : hard (d) SL
Mottles: vrominent M
il . 70
Color: 10 YR 4/3 [:;
Cons, : very hard (d) Sc -
Mottles: prominent

- 120 |V
Color: 10 YR 4/3 o v
Cons. : ext. hard (d) Al

-

Mottles: prominent "
Textural profile formula: u3v3
#extueal profile symbol: B

- Irrigation Polential: These soils are suitable for an irrigated sugar

cane production, but approach marginality because of the extreme defi-
ciencies in soil characteristics. They are classified as class 3 due to
the coarse textured nature of the surface layers which are usually up to
75 cm thick. Consequently, the water holding capacity and C.E.C. of

these layers are low, causing low productivity and lowering the capability
class. Although the lower layer may provide enough available moisture and
may Bave an adequate C.E.C. and natural fertility, surface layers which
are the most important, may present physical and biological problems for
sugar cane, such as drought and nematodes. However, under proper manage-
ment, they are believed to have an adequate payment capacity and fair
productivity for sugar cane.
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= Subzroup B3 (741 acres)

This subgroup consists of textural profiles in which coarse-medium tex-
tures overlie fine-very fine textures. Coarse-medium textures are usually
less than 50 cm deep and range from fine sand to silt loam. Lower layers
consist of heavy textured deposits with a texture varying from sandy clay

loam to clay. These layers have slow hydraulic conductivities, causing
poor to imperfect drainage.

The color of the surface layers is usually dark grayish brown due to the
organic matter. ILower layers have somewhat lighter colors and generally
are mottled throughout the profile. The intensity of the mottles in-
creases with the denth.

A typical profile of subgroup B3 is described below:

Soil pit No: 238 - 10

Color: 10 YR 3/3 9 e
Cons. : loose (d) FS L
Mottles: faint 30 s
Color: 10 YR 5/4 SiI .
Cons. 3 hard (d) ’ 60 F
Mottles: faint e —— v
Color: 10 YR 3/4 ';
Cons. : ext. hard (d) 92

mottles: distinct ‘fff”"’#f e
Color: 10 YR 3/4 S0 %
Cons. ¢ hard (d) -y o
Mottles: distinct v

Textural profile formula: HWV4
Textural profile symbol: BsV

- Irrigation Potential: These soils are classified as class 3 for sugar
cane production, They are suitable for irrigation but approaching margi-

pnality due to the textural deficiencies of the surface layers, which may
be up to 60 cm thick, The coarse nature of these layers cauge low
available moisture capacity, low C.E.C. and low natural fertility. In
addition they may present some microbiological problems to the sugar
cane. However, under proper managemen: they are believed +o have an

adequate payment capacity and moderate to low productivity for an irriga-
ted sugar cane production.
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- Subgroup B4 (7 acres)

This group consists of textural profiles in which coarse and coarse-
medium textures overlie the fine and very fine textures. Coarse textures
occupy usually less than 50 cm depth and of fine sand to sandy loam tex—
ture which contains less than 20 percent clay. The textures of the lower
layers are also variable, ranging from sandy clay loam to clay.

Although the color of the various deposits vary considerably, a dark
color usually dominates throughout the profile. Surface horizons are of
very dark grayish color, while the lower layers are of dark grayish color
due to the imperfect drainage conditions of the soils. Distinct and/or
prominent mottling dominates almost the entire profile.

A typical profile of the subgroup B4 is described below:

Soil pit No: 10S - 9

110
Color: 10 YR 3/3

Cons. : hard (d)
Mottles: distinet

)]
Q

Color: 10 YR 3/1 &1, i
Cons. : hard (a) . 20 M
Mottles: faint e ; —
H
Color: 10 YR 3/3 =
Cons. : hard (4d) CL H
Mottles: prominent e
SR H
£y
v
v

Textural profile formula: MH3-$ v
Maxtural profile symbol:  BgHV

-~ Irrigation Potential: These soils are classified as class 2, being
moderately suitable for an irrigated sugar cane produciion. The fine tex—
tured lower layers supply adequate available moisture and have high C.E.C.
and natural fertility status. Although the hydraulic conductivities of
these layers are low, lack of gleying indicated that the water table,
which may be high during the rainy season, is not permanent. However,
they may require an additional drainage neitwork. Their capability
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actually depends upon the thickness of the coarse textured surface
horizons. Where the depth of these horizons exceed 25 cm, the capability
c¢lass should be lowered one class, due to the coarse textured nature of
these layers, which may create some certain physical and microbiological
problems, However, under proper management, these soils may have a fairly
high yield of sugar cane.
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- Subcroup B5 (12 acres).

This subgroup consists of textural profiles in which coarse and coarse~
medium textures (IM) overlie medium~-fine and fine textures (HV). IM tex-
tured surface layers are shallow and occupy a layer of less than 50 em
thick. Fine textured deposits (V) occupy more than two layers and medium-
fine textured devosiis occupy at least one layer in the lower horizons.
There is no definite sequence in the arrangement of H and V layers. u

The color of the surface horizons is usually very dark grayish brown due
to the accumulation of organic matter. The color of the lower layers
ranges from dark grayish brown to gray. They are usvally mottled through- !
out the profile, due to the fine textured characteristics of the lower
horizons.

A typical profile of the subgroup B5 is described below:

Soil pit No.: 10N - 4

Color: 10 YR 3/1 pe=svmre ) e
Cons. : hard (d) SiL M
Mottles: faint IR 25  Co il
Color: 10 YR 3/2 " |
Cons, : ext. hard (d) CL il i
Mottles: prominent H 1
i R 1
Color: 10 YR 5/3 v 1
Cona. : ext. hard (d) Vil 1
Mottles: distinet S0 v -
x\\\\\\\x < |
M 150 .

Textural Profile formula: MH2V3

Textural profile symbol: BgVH

> . |
|
a2
{;Irrigation Potential: This subgroup is moderately suitable for irrigated
! sugar cane production. The main limiting factor is the coarse or coarse~
' medium textured surface horizons which are up to 50 em thick. Al though
the lower horizons supply enough available water and have fairly high
cation exchange capacity, the surface horizons present some physical and
guicrobiological problems. They capability of this subgroup actually
depends upon the thickness of the surface layers. Where the surface ‘
{
|

horizons are shallow (less than 25 cm) they are considered as class 2,
being moderately syitable for irrigation. Where the surface horizons are

deep, they are considered as class 3, being suitable for irrigation, but
approaching marginality because of the undesirable characteristics of the

upper layers for sugar cane production.

A R R R EEN
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- Suberoup B6 (73 acres)

This subgroup consists of textural profiles in which coarse-medium tex~-
tures overlie medium-fine and fine textures. Coarse-medium or coarse tex-
tured layers are usually deep, occupying more than 100 cm in the textural
profile. Lower layers are comprised of fine textured devosits which are
less than 50 cm thick. The texture of upper layers ranges from sand to
loam, but these layers do not have any definite sequence, as the sandy
strata can occur at any depth, interbedded with loam or sandy loam textured
deposits.

The surface layers usually have a dark grayish brown cclor. The color of
the lower layers range from dark grayish brown to dark yellowish brown.
They are usually mottled throughout the profile and the intensity of the
mottles increases with depth.

A typical profile of the subgroup B6 is described below:

Soil pit No: 4S - 7

Color: 10 YR 3/2 0 [
Cons. : hard (d) SL M
Mottles: faint R 25 o
L
Color: 10 R 4/4
e R e s (a) 1S L
MOtTules: arLstince
il L
T 105 [
Color: 10 YR 3/2 2 v
Cons, : hard (d) c - HE
Mottles: distinct v
E— 150 —

Textural profile formula: v13 v2

Tectural profile symbol: BdL

= Irrigation Potentizl: This subgroup is classified as class 4, being margi-

nally suitable for irrigated sugar cane production due *to the extreme limi-
tation of the thick surface layers. The main limiting factors are the
coarse texture, low available moisture capacity, low cation exchange capa-
city and low natural fertility. They are considered as irrigable, because
the fine textured lower horizons are able to supply enough available
moisture for sugar cane, and are able to hold the irrigation water within
the profile due to their low hydraulic conductivities. These soils have
low productivity and low payment capacity under sugar cane cultivation.
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- Subgroup B7 (242 acres)

This subgroup consists of textural profiles in which thick coarse and
coarse-medium textures overlie the medium-fine and fine textured deposits.
IM textured layers are usually thicker than 75 em and of textures varying
from coarse sandy loam to silt loam. They are usually interbedded and do
not give any definite sequence. Lower layers are of sandy clay loam to
clay textures and are usually less than 50 cm thick.

The surface color is usually uniform throughout the unit and is generally
dark grayish brown. Lower layers have a wide variety of colors, ranging
from dark yellowish brown to yellowish brown. They have very slow hydran-
lic conductivity, which is reflected by mottlings in the upper profile.
They are imperfectly to poorly drained soils due to the slowly permeable
fine textured lower horizons.

A typical profile of subgroup B7 is described below:

Soil pit No: 278 -~ 29

Color: 10 YR(3/)'2 Sit
Cons. ! hard (d 25 M
Mottles: faint ___— o
Color: 1010 YR 4/4 A
Cong. 3 hard (d)

Mottlea: faint

T — 100

M

Coloxr: 10 YR(3<3 v
Cons. : hard (d) c t 1
Mottles: faint S — |
v |

Textural profile formula: M4VQ

Textural profile symbol: BdM _ O l

Ny

%

=~ Irrigation Potential: These soils are marginally suitable for sugar cane
production due to the coarse textured nature of the thick upper layers. ;
However, if the clay content of these layers exceeds 20 percent they !
;should be upgraded by one class. The upper layers have a low available |
‘Eoisture capacity, low cation exchange capacity, and moderately rapid
hydraulic conductivity. Although the lower layers are of fine texture
and have an adequate moisture supply capacities, they are found in the tH
textural profile deeper than 100 cm, and therefore their influence of I
sugar cane growth is minimal, These soils have fairly low productivity |
and low payment capacity under sugar cane cultivation. '

W
o
|
o
2 | = [
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- Subgroup B8 (42 acres)

This subgroup consists of textural profiles in which the coarse and coarse-—
medium textured deposits overlie the medium-fine and fine textures depo- u
gits. The coarse and coarse-medium textured deposits have a texture

ranging from coarse sand to silt loam and of more than 100 cm thick. A "
sandy strata occurs at any depth, usually interbedded with loamy textured
deposits and giving no definite sequence. Coarse textured deposits

[ usually occupy more than two layers and coarse-medium textures occupy at
least one layer of the upper textural profile. Lower layers are comprisged

J of medium-fine and fine textures of sandy clay loam to clay, and are less
! than 50 em thick. : '

The color of the surface horizons ranges from dark gray to very dark
| grayish brown. Lower horizons are of variable color ranging from dark
0 J brown to yellowish brown. They' are mottled throughout the profile due to
the fine textured lower horizons which have a low hydraulic conductivity.
i The intensity of mottlings increases with depth.

A typical profile of the subgroup B8 is described below:

. Soil pit NoL 1N - 10
i 0
Color: 10 YR 3/3 s1, ' ;—
Cons, & hard (d) 2 20
: Mottles: distinect R =
Color: 10 YR 4/3 o _"_!__
Cons.: hard (d) 55
—/”’ L
Mottles: distinect
/ 1S -
Color. : 10 YR 4/4 L
Cons. : S. hard (d) e 25 e
‘ Mottles: distinot :
' Color: 10 YR 5/6 i -
Cons, ¢ loose (d)
P - 120 v
1 : Mottles: distinct ﬂ_’#ﬁﬂﬂ,,,.g——— o 150 —
Color: 10 YR 4/2
Cons, : hard (d)
i Mottles: distinet

Textural

profile formula: M213 Vv

} Textural profile symbol: BdLM

~ Irrigation Potential: This subgroup is not suitable for irrigation due to
the exireme deficiencies in soil characteristics. The main limiting fac-

tor is the coarse texture which results in a low available moisture capa~—

city and low C.E.C. In addition sandy strata may occur at any devth with
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a variable thicknmess. Although the lower horizons are of fine texture,
they usually occur below the 100 cm and their beneficial effects upon the
water holding capacity and the natural fertility are somewhat limited.
These soils are assumed to have very poor productivity and not enough pay-
ment capacity to warrant any irrigation for sugar cane production.

L




Subgroup B9 (133 acres)

This subgroup consists of profiles in which coarse and coarse-medium tex-
tures overlie medium-fine and fine textures. Upper layers are of sandy to
silt loam textured and are more than 75 cm thick. Medium-coarse textured
deposits occupy two or more horizons and coarse textured layers occupy at
least one horizon in the upper horizons. Lower horizons are of usually
clayey textures and up to 50 cm thick.

The color of the top layer is usually dark gray to dark grayish brown due
to the accumulation of organic matter. Lower horizons are of variable color
ranging from yellowish brown to dark brown. They are impewfectly drained
soils due o the slow hydraulic conductivities of the lower horizons. The
textural profile is usually mottled from the surface on down and the inten—
gity of the mottles increases with depth.

A typical profile of the subgroup B9 is described below:

Soil pit No: 1N - 11
0
Color: 10 YR 4/3 =
Cons. 3 S. hard (d) Ls L
Mottles: faint e 125 e
pat M
Color: 10 YR 5/4 e
Cons, ¢ S. hard (d) Sil, M
Mottles: prominent =
M
Colors: 10 YR 4/3 == 110 m
Cons. ¢ hard (d) LY.
Mottles: prominent C -
150 —
Textural profile formula: IM3 %iv
Pextural profile symbol: BAML

Irrigation Potential: These s0ils are considered as irrigabvle but
approaching marginality because of the extreme deficiencies in soil charac-
teristics. Although they are classified as class 3 for irrigated sugar
cane production, their capabilities depend upon the clay content of the
coarse-medium textured layers. They must be downgraded one class where

the clay content is lower than 10 percent. The main limiting factor is

the coarse textured nature of the upper layers, which in turn resulis in

a low C.E.C., moderately rapid hydraulic conductivity and low natural
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fertility. In addition, a sandy stratum can occur at any depth, with a
variable thickness. Although the lower layers can provide enough avail-
able water and plant nutrients, they occur below 100 cm depth, and their
influence on the growth of the sugar cane al early stage is somewhat res-
tricted. They have a low payment capacity, but under proper management
they are believed to have an adequaie productivity for irrigated sugar
cane production.
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~ Subgroun €1 (100 acres)

This subgroup consists of textural profiles in which medium-fine and fine
textures overlie the coarse and coarse-medium textured deposits. HV tex~
tures and Il textures occupy approximately equal proportions of the Upper
textural profile. Medium-fine and fine textures are usually comprised of
textures varying from sandy clay loam to clay. The lower layers are com—
prised of textures varying from coarse sand  to =ilt loam. The sandy
strata may occur interbedded with the medium textured deposits, but below
the 75 cm depth.

The surface layers have a fairly uniform dark grayish color up to 75 cm.
The lower horizons have a lighter color, ranging from yellowish brown to
brown. They are imperfectly to poorly drained due to the fine textured,
slowly permeable upper horizons, and this is reflected by'distinet mott-
lings throughout the profile.

A typical profile of the subgroup C1 is described below:

Soil pit No: 8N ~ 3
Color: 10 YR 3/2 5 [
Cons. : ext. hard (d) v
Mottles: prominent o
o v
x\\\\\\ X
Color: 10 YR 4/3 A
Cons. : friable (m) oIS
Mottles: nine
o es Prominent s, M
T, M
i, i
Textural profile formula: V3M3

Textural profile symbolt

C

- Irrigation “o+entlal' This subgroup is classified as class 2, being

moderately sultable for irrigation for sugar cane production.

The main

limiting factor is the coarse or coarse-medium textured subsoil which
occur after 75 cm depth. Although the physical and chemical characteris-
tics of the surface layer are ideal for sugar cane growth, the coarse
textured nature of the lower horizons may cause some drought problems in
the later stage of the growth, due to the low water holding capacities of
these layers. These soils are believed to bave a moderate productivity
and good payment capacity under sugar cane cultivation.
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- Subgroup €2 (70 acres)

This subgroup consists of textural profiles in which the medium-fine and
fine textured ceposits overlie the coarse and medium—-coarse textured depo-
sits. Fine textured layers are shallow, occupying less than 75 cm thick-
ness of the surface layers. They are of sandy clay loam to clay textured.
Lower horizons have a texture varying from coarse sand to loam which is up
to 125 cm thick. Coarse textured devosits usually occupy more than two
layers, while the coarse-medium textures occupy at least one layer.

The color of the surface horizons varies from very dark gray to grayish
brown. Lower horizons are of lighter color, ranging from dark brown to
yellowish brown. Surface horizons are highly mottled due to the slow hy-
draulic conductivities of the fine textured layers. The intensity of the
mottles decreases with depth as the coarser textured lower horizons pro-
vide somewhat freer drainage.

A typical profile of the subgroup C2 is described below:

Soil pit No: 21N - 12

Color: 10 YR 3/2 v
Cons. : ext. hard (d)
Mottles: prominent ¢ =3
v
W 55 [
Color: 10 YR 6/6 L
Cons. : loose (d) £S e
Mottles: distinct
% 1%
Color: 10 YR 5/4 L
Cons. 3 loose (d) fs § =
Mottles: distinct 1
— 150 $—
Textural profile formula: v2 14
Textural profile symbol: CegL a

. o

~ Irrigation Potential; This subgroup has been classified as class 3 for

4 irrigated sugar cane, being suitable for irrigation, but approaching margi-
f nality due to the extreme deficiencies of their thick lower horizons., The
main limiting factor is the coarse texture and consequently low available w
water holding capacity, low C.E.C. and low natural fertility. Although the
bhysical and chemical characteristics of the surface layers are ideal for
peugar cane cultivation, these layers are shallow, and the plantation may
suffer from drought in the later stage of growth due to the low water
storage capacity of the lower horizons. Therefore, it is assumed that
these soils have low productivity and low payment cap301ty under sugar cane
cultivation.
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- Subzroup €3 (93 acres)

This subgroup consists of textural profiles in which the medium-fine and
ine textured deposits overlie the coarse-medium deposits. HV deposits are
usually shallow, being 50 cm or less in depth, and are comprised of textures
varying from sandy clay loam to clay. M textures which are usually deeper
than 75 cm are comprised of textures varying from sandy loam to silt loam

which have less than 20 percent clay.

The color of the surface horizons is usually lighter than the other sub-
groups, raning from brown to yellowish brown. These layers have marked,
distinct mottles which indicate a perfect to poor drainage due to the
heavy textured nature of the deposits., Medium-coarse textured lower

horizons are usually dark grayish brown to grayish brown colored, due to
the poor drainage conditions of these soils. These layers are also highly
mottled.

A typical profile of the subgroup C3 is described below:

Soil pit No: BN - 12
. ” O =
Color: 10 YR 4/3
Cons. ¢ hard (d) . c v
Mottles: distinct 30 —
R E——
C‘C v
Color: 10 YR 5/4 i P e
Cons.: friavle (d) e A u
Mottles: distinct ’f,,,”’#r//’
SL =
Color: 10 YR 4/2 M
Cons. ¢ friable (m) L e
Mottles: distinct // M
Colors 10 YR 5/3 SiL =g
Cons. s friable (m) M
Mottles: distinct #’##,ﬂ*f*‘”" 150 o
Texsural profile formula: v2ud
Textural profile symbol: CgM

- Irrigation Potential: These soils have been classified as class 2, being
moderately suitable for irrigation for sugar cane production. Although
the surface layers are very good soils for sugar cane, the coarse-medium
textured characteristic:of the deep subsoils somewhat limits the sugar
cane growth at the later stage. The main problems are the lower water
holding capacity and low C.E.C. due to the medium~-coarse textures. These
s0ils are believed to have moderate productivity and payment capacity for
irrigated sugar cane production.
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- Subgroup C4 (7 acres)

This subgroup consisis of textural profiles in which medium~fine and fine
textured material overlie the coarse and coarse-medium material. HV tex—
tures are usually less than 50 em thick and are of textures varying from
sandy clay loam to clay. IM textures which are usually deeper than 75 cm
are comprised of textures varying from coarse sand to gsandy loam. Coarge
textured deposits usually occupy more than 2wo layers and coarse-medium tex—
tured deposits occupy at least one layer in fhe lower profile.

Surface horizons are usually very dark grayish colored due to the high
organic matter content. Lower, horizons have lighter colors ranging from
dark brown to yellowish brown. They are mottled throughout the profile,
indicating an imperfect drainage condition. The intensity of the mottles
usually increases with depth.

A typical profile of subgroup C4 is described below:

Profile No: 53 - 16

Color: 10 YR 3/2 -
Cons. @ hard (d) c v
Mottles: faint 10 =
: L
Color: 10 YR 5/4 ol
Cong. : loose (d) LS
Mottles: faint L
; 80 =8
Colors: 10 YR 4/3 SiL, M
Cons, : s. hard (d) 2 e
Mottles: faint 115 n
Color: 10 YR 4/4 £s L
Cons, ¢ loose (d) -
Mottles: faint e 5
/
-l
Textural profile formula: VI?MI-%L

Textural profile symbol: CgLM

= Irrigation Potential: These soils are marginally suitable for irrigation
due to the extreme deficiencies of the lower horizons. The main limiting
factor is the coarse texture, which, in turn, results in a low water holding
capacity, low C.E.C., rapid hydranlic conductivity and low natural fertility.
Due to the low water storage capacities of the lower horizons, sugar cane
plants may suffer from dought during the dry season, or these soils will
require more irrigation water., The productivity of this subgroup is low, and
and they are believed to have a low payment capacity, even under proper
management. -
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- Subgroup €5 (14 acres)

This subgroup is comprised of textural profiles in which HV
textured deposits. HV textures are usually less than 50 cm deep
and are of textures ranging from sandy clay to clay. LM textures
are usually deep, occupying more than 75 om of the lower profile.
Nedium~coarse textured materials usually occupy more than 2 layers
and coarse textured deposits occupy at least one year in the tex-
tural profile.

The surface horizoms have a dark grayish color. These horizons are
usually sirongly mottled due to very slow hydramlic conductivitiese
Lower horizons have colors varying from dark brown to dark yellowish
brown. These laysrs are faintly motiled, becamse the coarser tem=
tures provide somewhat better drainage than the surface layers.
However, the intemnsity of mottles usually increases with depthe

A typical profile of the subgroup C5 is described below:

Colors: 10 YR 3/2 0 s
Cons. 3 ext. hard (d) c v
Mottles: ovrominent i 20 e
Colors: 10 YR 3/4 8iL v
Cons. ¢ hard (d) e T 50 -
Mottles: faint _,_,.-af"’"'f M
80101‘: 10 YR 3/4 . K-
Cons. : hard (d) M
Mottles: faint 4 Oy — S (o]0 -
Color: 10 YR 4/4 L
Cons, : friable (m) LS -
Mottles: prominent L
150 e

Textural profile formulas V2M2L?

Textural profile symbol: CgML

= Irrigation Potential: This subgroup has been classified as classe 2,
being moderately suitable for irrigated sugar cane production. The
main limiting factor is the coarse textured layers which ocour in the
lower textural profile. However they are believed to have. a moderately
high productivity and payment capacity under proper management.
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- Subgroup C7 (700 acres)

This subgroup is comprised of profiles in which fine textures overlie
coarse and medium—coarse textures. Fine textured deposits are usually
deep, occupying more than 75 cm depth and varying from sandy clay to
claye. Coarse and medium~coarse textured materials occupying the lower
portion of the profile and are usually less than 50 cm thicke They
are comprised of textures varying from coarse sand to sandy loame

The surface layers generally have a dark grayish solor due to the
accumlation of organic mattere. Lower horizons have somewhat lighter
colors ranging from dark brown to dark yellowish brown. These soils
are strongly mottled throughout the profile due to the low hydramlic
conductivities of the fine textured depositse.

A typical profile of the subgroup C7 is described belows

Soil pit No: 238 - 3

Color: 10 YR 3/2 i
Cons. : ext. hard (d) c v
Mottles: distinct S
- 35 v
Color: 10 YR 3/4 =
Cons. : ext. hard (d) (o] v
Mottles: distinct
U 75 e
Color: 10 YR 3/2 o .
Cons. : ext. hard (4) g e
Mottles: distinet Vv
125 -—
Color: 10 YR 4/3 5L M
Cons. : hard (d) 150 ki
Mottles: faint T il
"_..-'-"_
a
Textural profile formmula: VOM &

Textural profile symbol: cav

- Irrigation Potential: These soils are highly suitable for sugar cane

é production. They have been classified as class 1 and are considered

among the best soils for sugar cane. However their capabilities
depend upon the thickness and nature of the LM layers. When these
layers are comprised of coarse sand and up to 50 cm thick in the
lower profile, they may be downgraded by one class. However, they are
believed to have a high wroductivity and a good payment capacity for
irrigated sugar cane production.
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- Subgroup C9 (33 acres)

This subgroup is comprised of textural profiles in which medium=fine
and fine textured deposits overlie the coarse and coarse-medium tex—
tured depositse. HV textures are usually deeper than 75 cm and consists
of textures varying from sandy clay loam to claye Fine textures ococupy
more than 2 layers and medium-fine textured deposits occupy at least
one layer in the upper textural profile. The textures of the coarse

or coarse-medium deposits vary from coarse sand to silt loam in which
the clagy content is less than 20 percente

The colors of the surface layers are usually dark gray to dark browne.
These layers are strongly mottled due to the slow hydraulic conduc-
tivities of the fine textured layers. Lower horizons have yellowish
brown color and faintly mottled due to the medium textures which pro-
vides fairly free drainagee.

A typical profile of the subgroup C9 is described belows:

Soil pit No: 19N -~ 1

0

Color: 10 YR 3/1

Cons. : hard (d) CL
Mottles: faint R 25
Color: 10 YR 3/3

Cons. : ext. hard (d)

Mottles: distinect C

N

Color: 10 YR 5/6
Cons. ¢ S. hard (d)
Mottles:

faint 120

s M
-\\\\"-‘
Textural profile formula: HV4M

Téxtural profile symbol: Cd VH

- Irrigation Potential: This subgroup has been classified as class 19
being highly suitable for irrigated sugar cane production. The soils
have a high available moisture capacity, high C.E.Ce They are free
of accumilation of harmful salts and their E.S.P. is low. The only
limiting factor seems to be the medium—coarse textured lower layers
which are up to 50 cm thick. The irrigation capabilities of this
subgroup largely depend upon the thickness and the textural charaoce
teristics of this layer. Where the LM layer is thick and consists of

mostly coarse textured deposits, their capabilities should be down-
graded by one classe
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~ Subgroup D1 (5,264 acres)

This subgroup consists of textural profiles which are almost wholly
comprised of fine textured deposits. The clay texture dominates - .
throughout the profile and they cover a rather large area within the
projecte The color of the deposits are more or-less uniform ranging
from dark brown to dark gray, with faint to distinct mottles through-
out the profile. The clay content may sometimes be as high as 80 pere
cent. They have extremely slow permeability,” and their hydramlic
oconductivities are less than 0.1 cm/hr in all the layerse. They are
usually extremely hard when dry and they form rather large cracks
during the dry seasone

A typical profile of the subgroup D1 is described below:

Soil Pit No: 23N - 1

Color: 10 YR 4/1 v
Cons. : ext. hard (d) e
Mottles: faint v

N v
Color: 10 YR 4/3 T ¢
Cons. : ext. hard (d) \ L
Mottles: faint 105 v

"‘-\-_‘_‘"- -‘-“‘H- C T.r

Textural profile formula: "J("
Textural profile symbol: DV

@

-~ Irrigation Potential: These soils have been considered being hig'dy

suitable for sugar cane production and been classified as class 1.

# Although their hydramlic conductivities are extremely slow, this was
I not taken into account when replacing these soils into irrigation

capability classes. Instead, their limitations and problems were indie
cated on a "potential problem area" mapse This was done simply to
indicate that these areas are highly suitable for irrigated sugar cane

9but some serious problems are anticipated under prolonged irrigation

due to the exbremely slow hydranlic conductivity. The main problem
is the water table will be raised during the irrigation. Since they
are not freely drained, soluble salts will be brought upwards and
accumulated in the upper layers, consequently causing salinity or even




alkalinity problem within few years after the irrigation was
introduced to the area. Therefore a very careful management
practices are required when irrigated these lands.

The areas where the clay content is higher than 55 percent but
lower than 70 percent were downgraded by cne classe. The areas
vhere the clay content exceeds TO percent have been considered
non-irrigable, becanse the very fine textured nature of these
lends will present many problems for irrigation, such as drai-
nage, alkalinity and salinity.

ITTRRRRAEERERNENRNEDR
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~ Subgroun D2 (18 acres)

This subgroup consists of textural profiles which are almost entirely
comprised of fine and fine-medium textured deposits. Fine textures,
mainly clay and sandy clay, occupy at least one horizon and fine-medium
textures, mainly sandy clay loam and clay loam, occupy more than three
horigons in the textural profile.

These soils are strongly mottled throughout the profile due to the
very slow hydraulic conductivities of the deposits. The surface

layers are usually dark grayish colorede. Lower horizons have a wide
variety of colors, raging from dark browm to yellowish browne.

A $ypical profile of the subgroup DZ is described belows:

Soil pit Noe 3N=2

Colors 10 1R 3/2 0 =
Vs SCL
Cens 3 hard (d 15 H
Mottles: distinet _— | o i
% ' 40 . |E
Color: 1Oy . S
Cons 3 hard (d H
Mottles: distinct CL i3
Color: 0O YR 4/2 H
Cons 3 hard (d LY
Mottles: distinct I
e ————— 125 f
Colors 10 YR 5/4 : "
Cons @ hard (d c 150 i
Mottles: oprominemt ___—— i

Textural profile formula: HSV

Textural profile symbol : DHV

- Irrigation Potential: These soils are highly suitable for sugar cane

production. They have been classified as class 1 and are among the
best soils for sugar cane cultivation. They have a high available

pwaker capagity, high C.E.C. and natural fertility. Their hydramlic

conductivities are very slow, therefore an adequate drainage system
is requireds They need vareful management as drainage and possible
salinity problems are anticipated with prolonged irrigatiom due to
the slow hydramnlic conductivities. These soils have a high produc—
tivity and a high payment capacity under irrigated sugar cane culti-
vatione




AiRERERERTE

_45..

- Subgroup D3 (100 acres)

This subgroup is similar to that of subgroup D1 except medium~fine
textured deposits cover the surface horizons. Heavy textured deposits
usually dominates throughout lower profile. Their color is fairly

uniform, ranging from dark grayish brown to dark brdwm. They are s

extremely hard when dry and also form large cracks during the dry season.
Their hydraunlic conductivities are extremely slow, especially in the
lower layers. They are generally poorly drained, and strongly mottled
throughout the profile.

A typical profile of the subgroup D3 is described below:

Soil pit No: 17N - 15

(4] —

Color: 10 YR 3/2 or
Cons. ¢ hard (d) y E
Mottles: prominent A
- - v

Color: 10 YR 3/3

Cons. ¢ ext. hard (d) c =
Mottles: prominent v
e e \ v
\ v

Textural profile formula: HYV-

Textural profile symbol: DVH

- Irrigation Potential: These soils have been classified as class 1,

being highly suitable for an irrigated sugar cane production. Their
capabilities,” limitations and anticipated problems are exactly the
.8ame of these subclass D1.
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- Subgroup X1 (1,267 acres)

This subgroup consists of textural profiles in which coarse and coarse—
medium textured deposits are interbedded with the medium~fine and fine
textured deposits to give no definite sequence. IM and HV textures
occupy approximately the same proportion of the textural profilee.
Coarse-medium textures usually vary from sandy loam to loam which
contains less than 20 percent clay. Fine textured material is comprised
of textures ranging ‘from sandy clay loam to claye

The surface horizons have dark grayish colored and strongly mottled.
Lower horizons have somewhat lighter colors; ranging from yellowish
brown to brownish yellow. These layers are also strongly mottled.

A typical profile of the subgroup X1 is deseribed belows:

Soil pit No: 17 - 10

Color: 10 YR 2/2 0 e
Cons. : ext. hard (d) sic v
lottles: prominent . 30 —
Color: 10 YR 3/2 SI, M
Cons, ¢ S. hard (d) —
Mottles: faint S 60 -
—— —— V
Color: 10 YR 5/4 =
Cons. * hard (d) sC v
Mottles: prominent -
S St 110 &
Colors 10 YR 6/6 X
Cons. ¢ S. hard () SL l';’
Mottles: distinct 0
e R 150 Voreaed
Textural profile formula: VM ;:; V%M

Téxtural profile symbol: X

~ Irrigation Potential: These soils have been classified as class 3,

being suitable for irrigatiom, but appreaching marginality due to

the random occurrence of coarse textured layers within the profile.
These layers are low in available water holding capacity, low in

cation exchange capacity and nautral fertility. However, finer textured
layers supply enough available water during the growth of the sugar cane.
Therefore, this subgroup is believed to have a moderately low producti-
vity and an adequate payment capacity for an irrigated sugar cane produc~
tion under proper management.
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- Subgroup X2 (82 acres)

This subgroup consists of textural profiles in which coarse and coarse-
textured deposits are interbedded with the medium=fine and fine textures
showing no definite sequences. Coarse textures, which are primarily
sands and loamy sands usually occupy more than 3 horizons. These sandy
strata may occur at any depth, with a variable thickness, interbedded
with textures ranging from sandy clay loam to clay which occupy usually
only one horizone

The surface colors are usually dark gray to dark grayish brown. These
horizons are slightly mottled. Lower horizoms have a color ranging
from dark brown to yellowish brown. Most of these horizons are strongly
mottled indicating imperfect to poor drainage characteristicse.

A typical profile of the subgroup X2 is described belows:

Soil Pit No: 4N=T

Colors 10 YR 3/1
L
Cons 3 S. hard (d) 8 25

Mottles: faint /
SalC

Colors 10 YR 5/4
Cons : hard (d) 3%

Mottles: prominent /

Colors 10 IR 5/6
Cons 3 loose (d)
Mottles: distinct

Co3

|L~*]L-*]v.~1bl4[-=1|z]

Textural profile formula: MV = L
Textsral profile symbel : XL

- Irrigation Potential: This subgroup has been classified as class 6,
being unsuitable for . irrigated sugar cane production due to the exl;reme
limitations in soil characteristics. The main limiting factor is the
coarse textured deposits which occupy more than 75 om depth within the
profile. These sandy strata have very low water holding capacity, very
low C.E.Ce and natural fertility. They have very low productivity and
do not have any payment capacity.
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~ Subgroup X3 (221 acres)

This subgroup consists of textu
medium: textures are interbedded
to give no definite sequence.
medium textured deposits with a
loam which has less than 20 per
usually clay or sandy clay and .
interbedded with medium texture

The surface layers usually have
grayish browne. Lower layers ha
brown to yellowish browme. They
profile.

A typical profile of the subgro

Soil Pit No:

Color:  10YR 3/3
Conses hard (d)
Mottles: prominent

Colors 10 YR 3/1
Conss hard (d)
Mottles: faint

Colors 10 YR 4/2
Cons : friable (m)
Mottles: distinct

a—

N

Textural profile formu
Textural profile symbo.

5
‘

- Irrigation Potemtial: These soi
suitable for irrigated sugar car
because of limitations in soil «
holding capacity, medium C.E.C.
P ely coarse textured deposits wh
are free of accumulation of harnm
are therefore believed to be pre
city for sugar cane cultivation




ral profiles in which coarse and coarse-
with the fine and fine-medium textures
LM textures are generally comprised of
texture varying from sandy loam to silt
cemt claye Fine textured deposits,
approximately 25 cm thick, are found

1 deposits at any depth.

a color ranging from dark gray to dark

re usually lighter color, ranging from
are strongly mottled throughout the

1p X3 is described belows:

188=12
0 —
SL M
3l 25 P
v
SiC EY
60 v
B K
M
8L —
M
150 ™

Las uv-:- l3
L ]
L' 2 XN

D

1s have been classified as class 3

e productiom, but approaching marginality
haracteristics. They have moderate water
and natural fertility due to the modera~
ich dominate the textural profile. They
ful saltes and their E.S.P. is low. They
ductive and have moderate payment capa~
under proper management .




~ Subgroup X5 (165 acres)

This subgroup consists of textural profiles in which coarse and coarse-
medium textures are interbedded with fine and fine-medium textures with=
out a definite sequence. Fine and fine-medium textures usually domi-
nate the textural profile, occupying moré than three horizons. These
layers are comprised of mostly fine textured deposits, mainly silt clay
and clay. Hedium-coarse and coarse textured deposiis occupy one or two
horizons and they may occur at any depth with a variable thickness.

These silts usually have dark grayish colored surface horizons, due to
the presence of organic matter. The lower horizons are of variable

colors, ranging from dark brown to yellowish brown. They are strongly
mottled throughout the profile.

A typical profile of the subgroup X5 is described below schematically.

Soil Pit No: 1N=15

Color: 10 IR 3/2 3 0 oy
Cons ¢  hard (d) SL 1o ¥
Mottles: faint o | L
- v
SC
Color: 10 YR 3/3 50 oo
Cons : ext. hard (d) BEE
Mottles: prominent g™ £3 L
-  —
L
Color: 10 YR 5/6 % =
Cons @ loose (d) / - ok
Mottles: faint _ v
5iC - -
Color: 10 YR 5/4
Cons ¢ hard (d 150 v
Mottles: prominent PRt ey 44 .
b o2

Textyral profile formula: MVL =V
Textural profile symbol : XV

=~ Irrigation Potential: These soils have been classified as class 3,
being suitable for sugar cane production, btut approaching marginality
due to the deficiencies in soil characteristics. Although they may
have some coarse textured interbedded layers, their thickness is not
very significant and the underlying fine textured deposit provide
enough water holding capacity for the entire profile. Thay are
moderately productive and have moderate payment capacity under irri-
gated sugar cane cultivation.
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- Subgroup X6 (39 acres)

This subgroup consists of textural profiles which are almost entirely com=-
prised of fine and coarse textured deposits. These deposits, however, are
interbedded and do not give any definite sequence. TFine textured deposits,
mainly clay and silt clay, dominate the entire textural profile, occupying
more than three horizons. Coarse.textures, which are mainly composed of
loamy sands, occupy at least one horizon. These sandy strata may occur at
any depth with a variable thickness, but are generally found between the
fine textured deposits.

These soils usually have dark grayish colored surface layers which are
slightly mottled. Lower horizons have a wide variety of colors, ranging
from yellowish brown o brownish yellow. The intensity and the density of
the mottlings usually increases with depth.

A tyvical profile of the subgroup X6 is described below:

Soil pit No: 1N = 13

v SRS e
Color: 10 YR 4/4 o v
Cons. ¢ hard (d) 25 15
Mottles: prominent *ﬂﬂﬂrﬂﬁﬂﬂr~"'”“ £a .
Golor: 10 YR 5/4 o 45 ik
Cons.:  loose (d) / LS .
Mottles: distinet -~ {70 +
Color: 10 YR 5/6 / ¥
Cons. : S. hard (d) Y o i
Mottles: distinct /// v
Color: 10 YR 4/1 v
Cons. ¢ ext. hard (d) 5 il

Mottles: distinoct L e

Tex#ural profile fommla: VI2V3

Textural Profile symbol: XVIL

- Irrigation potential: These soils have been classified as class 3, being

suitable for irrigated sugar cane productions but approaching marginality.
Their limitations and characteristics are very similar to those of the sub-
group X5. They are believed to be moderately productive and have an ade~
quate payment capacity under proper management.
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- Subgroup X7 (277 acres)

This subgroup consists of textural profiles which are almost entirely
comprised of fine and coarse-medium textured deposits. Fine textures,
mainly sandy clay and clay dominate throughout the profile. Medium

textures, which are mainly sandy loams and loams, occupy at least one
horizone These textures are interbedded to give no definite sequence.

However, coarse-medium textures are usually found between the fine
textured materials.

These soils have a dark grayish colored, slightly mottled surface horie
zonse Lower horizons are strongly mottled and have a color ranging
from dark grayish brown to dark brown. They are imperfectly to poorly
drained due to the fine textured deposits.

A typical profile of the subgroup X7 is described below:

Soil Pit No: 1N=-8

Colors 10 YR 4/1 0
Cons @ hard (d) c
Hottles: faint 30
Color: 10 YR 4/2

Cons @ Se hard (d) ST 0
Mottles: prominent P

Color: 10 YR 3/3
Cons s exte hard (d) o
Mottles: distinct

\ 150

Textural profile formala: ‘JHZV3
Textural profile symbol: XVM

@ [s [ == [<]

bo |
o
"“
= Irrigation Potential: These soils have been classified as class 2,

being moderately suitable for sugar cane production. The main limiting
factor is the medium textured deposits interbedded with the fine tex- r

tures at variable depths. However, the fine textured lower layers |
gorovide enough available water during the growth of the sugar cane. Due

to the extremely slow hydraulic conductivities of the lower layer, some J
drainage problems are anticipated during prolonged irrigation. Under

proper management, these soils are believed to have a moderate payment i
capacities and an adequate payment capacity for sugar cane production. ’
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~ Subgrouvr X10 (17 acres)

This subgroup consists of textural profiles which are almost entirely com-
prised of fine-medium and coarse texiyred deposits. H textures dominate -
the profile, occupying more than three horizons. These layers are usually

of textures ranging from sandy clay loam to heavy loam which contains more
than 20 percent clay. Coarse textured deposits, mainly sands and loamy

sands, ococur at any depth within the profile with variable thickmess. They
usually occupy not more than two horizons.

The surface horizons are usually dark, the color ranging from very dark
gray to grayish brown. These horizons are slightly mottled. Lower
horizons are yellowish brown colored and strongly mottled, indicating the
prescure of a high water table waithin these layers during or right after
the rainy season.

A typical profile of the subgroup X10 is described below:

0 - |

Color: 10 YR 3/1 -
Cons.: hard (d) SCL

Mottles: faint 35 —E

L

Color: 10 YR 4/4

Cons. ¢ loose (d) L

Mottles: distinct FS i %

H‘H_"“---. L

Colors: 10 YR 4/3 e 100 -

Cons, : hard (d) "
Mottles: prominent G071

w193 ¥ Jre—

L B

e 150 L=

L

Textural profile formmulas: HBL?HQ
Textural profile symbol: XHL
|

-~ Irrigation Potaatial: The irrigation capability of these soils is greatly
influenced by the vresence of coarse textured material within the textural
profile. This layer or layers have very low water holding capacity and
low C.E.C. Therefore, in spite of the fine-textured deposits which domi-
nate the profile, these soils have been classified as class 4, being mar-
ginally suitable for irrigated sugar cane production. Under proper
management practices, they may have an adequate payment capacity.




- 53 -

- Subgroup X11 (306 acres)

b

This subgroup consists of textural profiles in which fine textured
deposits are interbedded with the coarse-medium deposits. M textures,
which are mainly sandy loam and loam, containing less than 20 percent
‘clay, dominate throughout the profile. They occupy more than three
horizons within the textural profile. Fine textured deposits, mainly’
sandy clay and clay, occupy not more than two layers and occur as
individual layers within the coarse-—medium textured deposits, or unders
lie theme

They have a dark grayish brown textured, slightly mottled surface
horizons. Lower horizoms are of yellowish brown colored and they
are somewhat strongly mottled.

A typical profile of the subgroup X11 is described below:

Seil pit Noe 55~10

Colors " 10 IR 3/2 0 2.
Cons 3 hard (d 3
Mottles: faint ¢ s

—is =
Colors 10 IR 4/3 e 40 =
Cons : Se hard (d) il
Mottles: faint ) SL .
Colors 10 R5/8 -
Cons : S hard (d) \ 0 i
Mottles: - faint o

™ et .

Colors 10 1R 5/4 \ SL :
Cons 2 extes hard (d) S ol
Mottles: vrominent d — K v

wy

Textural profile formmlas V
Textural profile gymbel & XN

=R

O

1
b Irrigation Potential: This subgroup has been classified as class 3,

being suitable for irrigation, but approaching marginality due to
the presence of coarse-medium textured deposits. These layers have
low water holding capacities, and low C.E.C. However, the fine tex-

ptured lower layers have an extremely slow permeability and enough

available moisture for the sugar cane during the later stage of growth.
This subgroup may be fairly productive under proper management and
may have an adequate payment capacity.
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- Subzroup X12 (37 acres)

This subgroup consists of textural profiles which are almost entirely
comprised of coarse-medium and fine-medium textures. Coarse, medium
textures, mainly sandy loam and silt loam, occupy more than 25 cm of
the textural profile. FPFine medium textures, mainly clay loam or -
sandy clay loam, are found interbedded with the coarse-medium textures,
giving no definite sequence. These textures uwsually occupy less than
50 cm thickness of the profilee.

They have dark grayish colored surface horizons which are sitrongly
mottlede This dark color usually contimues dowaward the profile and
the lower horizons have a dark brownish color. These soils are strongly
mottled throughout the profile, indicatizig a poor drainage conditione.

A typical profile of the subgroup X12 is described below schematically:

Soil pit Noe 9GN3

Color: 10 1R 3/2 0 W3
Cons 3 Se hard (4) SL M
Hottles: prominent o 30 -
Colar: 10 TR 3/1 CL el
Cons : hard (d 65 7
Mottles:  prominent e m
Color:. = 10 YR 3/3 M
Cons 3 Se hard (d) SiL Bk
Mottles: prominent M
\ %

1590 L

Textural profile formula: MH -E M3
Textural profile symbol z XNH

i

=~ Irrigation Potential: The capabiliiy of this subgroup depends upon
the clay content of the coarse-medium textured deposits. They are
considered as class 2, being moderately suitable for irrigation where
they contain 10 to 20 percent clay. When the clay content is lower

:they are downgraded by one class. They have moderate to low produce

'tivity under sugar cane cultivation depending upon the clay content.
However, under proper management they are considered fairly well suited
for irrigated sugar canee.
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- Subgroup X13 (74 acres)

This subgroup consists of textural profiles in which the coarse and
coarse-medium textured deposits are interbedded with the fine and

fine médium deposits without any definite sequence. Medium textures,
mainly sandy loams, dominate the textural profile, eccupying more than
two horizons. Coarse textures, mainly loamy sands and coarse sands
occupy at least one horizon. A fine textured layer, usually sandy
clay is found within coarse textured layers at various depth with a
thickness of not more than 25 cpe.

The surface layers are of dark grayish colored and slightly mottled.
Lower horizons have a color ranging from dark brown to yellowish
brown. The intensity of the mottles usually increases with depth.

A typical profile of the subgroup X13 is described below:

Soil pit Noe 6515

Golors 10 YR 3/2 9 B
Cons 3 Se hard (d) LS L
NMottles: faint B AL 25 -
ca SC v
Colors 10 YR 3/4 45 e
Cons ¢ hard (d / CoS
Mottless: faint
/ SR —
Color: 10 YR 4/4 M
Cons : loose (d) SL —
Mottles: faint i |
Color: 10 YR 3/3 SL [
Cona : friable (m) 150 '}
Mottles: distinct N
Color: 10 YR 5/6
Cons : friable
Mottles: distinct
Textural profile formmula: LVLM3 ®

Textural profile sgmbol : XML

= Irrigation Potential: These soils are not suitable for sugar cane due
o the sandy textured characteristics of the upper textural profile.

Their water holding capacities are low and they have a low C.E.C. and
natural fertility. Fine textured layers are too shallow to provide
any beneficial effect on sugar cane growth. They have very low pro=-
ductivity and very low payment capacity, not enough to warrant any
irrigation for sugar cane production.
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~ Subgroun X14 (7 acres)

This subgroup consists of profiles in which fine and fine-medium
deposits are interbedded with the coarse and coarse-medium deposits
to give no definite seqguence. Fine and fine-medium textures consist
of generally clay loams and clays, which dominate the entire profile.
Fine-medium textures ocoupy more than two layers and fine texturesd
occupy at least one layer in the textural profile. Coarse and coarse- |

medium textures consist of mainly sandy loams and occupy not more than
two horizons.

The surface horizomns are usually dark grayish in color due to the
organic matter accumulation. These horizoms are strongly mottled.
Lower layers are of yellowish brown colored and are also strongly
mottleds These soils are imperfectly to poorly drained due to the
very slow permeabilities of the fine textured layerse.

A typical profile of the subgroup X14 is described belows:

Soil pit No. 135-9

Colers 10 YR 3/2 1Y ‘

Cons @ hard (d) SI, M
lottles: prominent et 5 e
Color: 10 YR 3/3 C v
Cons 3 Ve hard (d) . —
Mottles: faint v |
N P |
Colors 10 YR 5/4 gl |
Cons 3 firm (m) - ' |
Mottles: prominent ;3
H
Colors 10 YR 5/6 \ £
Cons : friable (m) it T s
Mottles: prominent bl P L2 _.

]
Textural profile formulas W2H2%
Textural profile symbol : XHV

- Irrigation Potentiagl: These soils are classified as class 1, being
highly suitable for sugar cane production. Although they have a
sandy loam textured surface layers, this layer is usually less tham
25 ocm thick, and does not affect the overall capacity of the subgroup.
They have a high productivity and high payment capacity under good
management .




~ Subgroup X15 (Inc.)
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This subgroup consists of textural profiles in which coarse textures

dominate. Sandy clay or finer textured deposits are usually found

interbedded with the coarse textures.
zons or less within the textural profiles

These layers occupy two hori-

The surface layers are generally dark grayish colored and slightly
mottled. Lower horizoms are of yellowish brown colored and the
intensity of the mottles increases with depth. Fine textured depo-
sits are usually extremely hard when dry, and have very slow hydramlic
conductivities.

A typical profile of the subgroup X15 is deseoribed belows:

Soil pit Noe. 27-8

Color: 10 YR 3/1 1 P

Cons 3 loose (d) CoS . L

Mottles: faint —

B L v

Color: 10 YR 4/4 scC LS
Cons 3 exts hard (d)

Mottless faint v

8 Lo

Color: 10 YR 4/6 s 2 g—

Cons @ loose (d) R

Mottles: distinct CoS L

\ T

20 s

Textural profile formala: LV2 -E- L2
Textural profile symbol: XLV

- Irrigation Potemtial: These soils are classified as class 4, beird

; marginally suitable for sugar cane due to the coarse textured charac-

' teristica of the profile. However fine textured deposits have good
available moisture capacity and high C.E.C. It is believed that
under good management, they may have an adequate productivity and
payment capacity.

b
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3.1,

3.2-

PART III

INTERFRETATION OF SOIL FOR SUGAR CANE PRODUCTION

General.

The estimated acreage of land classes in each textural subgroup is shown in
Table 3. The extent of the land in each of the five land classes was
determined on the basis of the kinds of soils .occurking in each mapoing unit.
The acreage of each textural subgroups shown in Table 4 also served as a .
guide in arriving at these estimates.

In addition to the data given in Table 3, the approximate distribution of the
various land classes are shown on the irrigation capability maps (Sheets 8,
9, 11 and 12). In making these maps textural subgroups as listed in Table 4
were used as a guide. All the irrigation land classes were shown as single
unit throughout the project area, A key to each land class and informative
appraisals appear in the descriptive legend.

Interoretation of Textural Groups.

.3.2.1. Group A. This group comprises approximately 4.3 percent of the

oroject area, and cover 548’ acres of lands. They consist of tex—
tural profiles which are more or less wholly canprised of coarse tex—
tured deposits. Therefore they have extreme deficiencies for irriga-
ted sugar cane production, and in most cases they are not suitable
for irrigation. Approximately 56.6 percent of the group (310 acres)
have been classified as class 3, being suitable for irrigated sugar
cane vroduction, but apovroaching marginality due to the extreme
deficiencies in soil characteristics.

Group A soils do not have any accumulation of harmful salts and their
E.S.P. ig low. However they have very low available water holding
capacities and cation exchange capacities. Approximately 43.4 per-
cent of the group (238 acres) have been classified as class 6, not
being suitable for sugar cane production.

3.2.2. Group B, This group covers approximately 1,337 acres of lands (10.4
percent) within the project area. They congist of textural profiles
in which medium and coarse textured deposits overlie fine textured
deposits with a variable thickness. Therefore, their suitability for
an irrigated sugar cane cultivation depends largely upon the thick-
ness of the top layers. However, since the top soil is the most
important layer from the point of view of the plant growth, medium
and coarse textured nature of the topsoil of this group greatly
influences their capabilities. However, all the lands included in
this group has been considered irrigable with a variable degree of
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suitability for sugar cane. Approximately 91.4 percent of this
group (1,222 acres) has been classified as class 3 being suitable
but close to marginality due to the extreme deficiencies of the
topsoil. Where the coarse textured layers are deeper than 75 cm,
they are classified as class 4, being marginally suitable for sugar
cane. These lands cover some 115 acres and comprise 8.6 percent of
this group.

The Group B soils do not have any alkalinity and salinity problems
as they have low E.C., and E.S.P. However, the main limiting factor
seems to be the coarse and medium textures which result in low
moisture supply capacity, low cation exchange capacity and some
micro-biological hazards for sugar cane, such as nematodes.

Group C. This group comprises approximately 8.0 percent of the
project area, covering some 1,017 acres of land. It consgists of
textural profiles in which fine textured deposits overlie the coarse
textured deposits with variable thickness. Therefore the thickness
of the fine textured top soils has prime importance in categorizing °
these soils into irrigation land classes. All the soils included in
this group have been considered as suitable for sugar cane cultiva-
tion with a variable degree of suitability for irrigation. lWhere
the fine textured layers are deeper than 100 cm, they are classified
as class 1, being highly suitable for sugar cane., These lands cover
some 733 acres and comprise 79.4 percent of the group. Practically
these soils should not have any limitation for irrigation. However,
the fine textured topsoils generally have an extremely slow Dermea-—
bility. Although this was not taken into account in placing the
soils into class 1; as explained in Section 1.6, they are considered
as being potential problem areas. It is expected that under conti-
nuous irrigation, some drainage problems will arise, as they have no
drainage ability in spite of the medium textured lower horizons.
Approximately 207 acres of lands (12.3 percent) within this group
has been classified as class 2, being moderately suitable for sugar
cane. In these lands sandy strata or medium textured subatrata occur
closer to the surface than in class 1 lands, which is found between
50 = 100 em depth, Where the fine textured topsoil is shallower than
20 ‘cm, they are classified as class 3, being suitable but closer to
the marginality because of the extreme deficiencies of the cqarse
textured thick subsoil. E

Group D. This group comprises approximately 43.3 percent of the
project area, covering some 5,546 acres of lands. They consist of
textural profiles which are almost eniirely comprised of fine tex~
tures. Their suitability for sugar cane depends upon the clay con-
tent. The soils having less than 55 percent clay are classified as
class 1, being highly suitable for sugar cane. These lands cover
some 4,271 acres (77.0 percent) within this group. However, they
have the same present and anticipated problems as explained for
group C due to the extremely slow hydraulic conductivities. The
soils with a clay content between 55 and 70 percent are classified
as class 2. In addition lands having depressional topography are
also put into class 2. These lands comprise approximately 3.3 per-
cent of the group, covering some 185 acres of land.
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Approximately 197 percent of this group (1,090 acres) is comprised of
s0ils having more than 70 percent clay content. These very fine
textured soils present extreme drainage problems and anticipated
alkalinity problems related to imveded drainage. They are considered
non-irrigable.

Although the soils included in this group have an BE.S.P. within
specified limits, they need very careful management because of the
slow hydraulic conductivities, which may cause alkalinity problems
under continuous irrigation. They have high available moisture
supply, high C.E.C. and high natural fertility. Besides the drainage
characteristics, they are excellent soils for sugar cane.

.Group X. This group comprises approximately 19.7 vercent of the pro-

ject area, covering some 2,518 acres of lands. They consist of tex-
tural profiles in which fine and mediwm and/or coarse itextured depo-
sits are interbedded to give no definite sequence. Thexrefore their
capabilities for sugar cane largely devend upon the nature of the
textural profile and the thickness of the sandy strata, which may
occur at any depth within the profile with a variable thickness. This
group presents a wide range of capability classes ranging from class 1
to class 6. Approximately 96.7 percent of the group (2,436 acres) has
been considered suitable for gugar cane cultivation with a variable
degree of suitability for irrigation. Only 7 acres of lands (0.3 per—
cent) has been found highly suitable for sugar cane and have been
classified as class 1. Approximately 468 acres of land (18.6 percent)
has modetate limitations foq.the sugar cane, mainly due to the thick
medium and coarse textured devosits within the profile. These soils
have been classified as class 2. Most of this group is aporoaching
marginality for irrigation due to the presence of coarse textured
depogits throughout the textural profile. These soils cover some
1,469 acres of lands (58.3 peroent). Approximately 19.5 percent of
the group X (492 acres) has been considered marginal for an irrigated
sugar cane production hecause of the extreme deficiencies in soil
characteristics, mainly due to the coarse textures.

Approximately 3.3 percent of the group (82 acres) is not suitable for
irrigation, because the sandy sirata are thicker than 100 em. Although
some finqhand medium textured deposits are interbedded with the sandy
textures, they are too shallow to contribute any beneficial effects on
the sugar cane growth,

All the soils included in group X have low E.S.P. and low electrical
conductivity. They need careful management either for the water
budget on the medium and coarse textured soils, or for the drainage
on the lands where the fine textured deposits are dominating.
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PART IV

SPECTIAL PROBLEMS AND. CONCLUSICMS

1. The project area has been found to be highly suitable for a large-scale
i;rigated sugar cane develoment

2. Out of the 12,797 acres of lands surveyed, 9,556 acres have been found suitable
for irrigated sugar cane production. Approximately 5,011 acres of lands are
highly suitable, 860 acres of lands moderately suitable, 3,078 acres of lands
suitable but closer to marginality and 607 acres of lands martinally suitable
for sugar cane.

3. Approximately 1,410 acres of lands are not suitable due to the undesirable
soil characteristics. Permanent lakes and swamps cover some 1,831 acres.

4. Approximgtely 1,090 acres of lands contain more than 70 percent clay. These
lands should not be irrigated as they are practically impermeable. They are
extremely hard when dry and will present severe problems for tillage. In
addition some salinity and alkalinity problems may arise which will be impossi-
ble to correct because of the impeded drainage.

5. Hydraulic conductivities of the fine textured solls are usually slower than
0.1 em/hr. Therefore if an adequate drainage system is not provided, it is
expected that these lands will develop some drainage and alkalinity problems.

e

6. Analytical results showed that the electrical conductivities and E.S.P. values
of the levee solls are below the specified limits. However, the water table,
which is fairly deep at oresent, will be raised by the contimous irrigation,
and the soluble salts will be brought to the layers closer to the surface.
Therefore necessary measures should be taken to keep the water table level
below the rooting zone of the sugar cane.

T. Although the topography does not present any problem as almost entire project
area has less than 2 percent slope, the micro-relief is very uneven esp3cially
in the areas where the clay content is high. These lands tend to develgb a
"micro gilgai" relief which is extremely uneven surface topogravhically over
very short digtances, the relief is usually less than 50 ecm. In addition
these soils are extremely hard when dry, and the land levelling will be very
difficult even with heavy machinery.

8. The lands in the northern part of the project area, close to the highway, are
fairgy high lying lands and have a gently undulating topography with a slope
more than 2 percent, Although the soil characteristics are suitable for sugar
cane growth, the cost of irrigation water will be high as a long irrigation
canal is required, due to the differences in elevation from the low lying lands,
Therefore their development could be postponed until future irrigation studies

are completed.
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APPENDIX I

METHODS OF ANALYSIS AND STANDARDS
TO CLASSIFY ANALYTICAL RESULTS.

1. METHODS OF ANALYSIS

1. 1.

1. 2.

1.3.

1'5.

1.6.

A EEEEEEREEEREEREEEEERSE

Texture: was determined by hydrometer method (4). Organic matter was
destructed with 30 percent Hydrogen peroxide; the sample was
dispersed with sodium hexameta phosphate solution. Readings
were made with a standard hydrcometer, AST™M No. 152 H, with
Bouyoucos scale in grams per liter (5). Percent sand was
found at 40 seconds hydrometer reading, -percent clay at 2
hour reading, and percent silt by difference (6).

Moisture equivalent: was calculated from percent sand, silt and clay
as follows (1)
M.E. = (0.027x% sand) + (0.187x% silt) + (0.555x% clay).

Field capacity (% Atm): Moisture equivalent, as calculated above,
approximates field capacity. Eowever it can also be calcula-
ted as follows (8):
F.C. = (0.904 x M.E.) + 1.3.

Vilting point (15 Atm): was calculated from moisture equivalent with
the following formula (8):
P.W.P. = (0.473 x M.E.) -~ 1.22.

Saturation percent: Saturated soil paste was prepared by adding dis-
tilled water to the known amount of soil and stirring with a
spatula; saturation percentage was calculated from the amount
of water uged (7).

Hydraulic conductivity: was determined with the hydraulic conductivity
cups under constant head of 2:1 (1). Permeability was calcu~
lgoted by the use of Darcy's equation, where:

L
Pegteh
P = Permeability in am/hour.
Q = Volume of water passed through the soil in ml,
A = Cross-gectional area in cm.
t = time in hours.
L = Length of soil column in cm.
h = height of water level above base of soil column.

bl -




1.7.

1.3

1. 11.

2. STANDARDS TO CLASSIFY ANALYTICAL RESULTS.

> -

Flectrical Conductivity: Saturation extracts were prepared using soil
golution ration ¥#2:5. The conductivity of the extract was
then determined by a wheatstone bridge and conductivity cell
with the cell constant 1.0 (7).

Soil reaction:

1.8.1. ©pH in water: was determined in soil suspension with the soil
solution ratio 1#2.5. pH of the Suspension was
measured with pH meter with a glass electrode

(7).

1.8.2. pH in 1N KCL: was determined as above, except 1N KCL was used
= instead of distilled water (7).

Sxchanzeable Cations: was extracted by 1N neuiral ammonium acetate
solution (6, 9°). Calcium, magnesium, ‘sodium and potassium
were determined by atomic absorption spectrovhotometer (6).

Cation Exchange Bavacity: was determined by ammonium acetate leaching
with the leaching tubes. Adsorbes ammonia was disgplaced with
10 parcent NaCl solution and then distilled according to the
semi-micro kjeldahl procedure (9, 6).

Derived Values:

1.11.1 Percent Base Saturation: was calculated by dividing the sum of
ammonium acetate - extracted bases by C.E.C. (7).

1.41.2 Sodium adsorvtion ratio: was calculated by the following
equation (7):

SAR = ———2—

1.11.3. Sodium Saturation (E.S.P): was calculated by dividing the
exchangeable godium by C.E.C. (7).

e

201.
-
|

Texture:

a = Coarse: sand, loamy sand, sandy loam.

b - Medium: loam, silt loam, silt, sandy clay loam, clay loam, silty
clay loam.

¢ - Fine: sandy clay, silty clay, clay.

2.2}9_§x§raulic Conductivity:

a - very slow: less than 0.125 om/hr.
b - slow: 0.125 = 0.50 cm/hr.
¢ - mod. slow: 0.50 - 2.00 em/hr.




R —

2- 3.

2.4.

2.5.

2.6.

‘:

0y o R~
1

o
s+

I

- very acid: 4.
- Acid: 4
-~ Slightly acid
Neutral:

MO RO T
I

- Alakline:

6.5
- Slightly alkaline:
8.1

- moderate: 2.00 - 6.25 cm/hr.

- mod. rapid: 6.25 - 12.50 cm/hr.
rapid: 12.50 - 25.00 om/hr.
- very rapid: more than 25,00 cm/hr.

Electrical conductivity.

1

0o
I

Exchangeable cations.

2.5.1. Calcium

a - low:
b - medium:
¢ = hirhs

2- 5. 2. }&weaim

a - low:
b - medium:
¢ = high:

2.5.3. Potassium

a - low:
b - medium:
¢ = high:

- free: 0O - 2 mmhos/cm
very slightly affected: 2 - 4 mmhos/cm
slightly affected:
moderately affected:
- strongly affected:

4 ~ 8 mmhos/cm
8 - 16 mmhos/cm
16 + mmhos/cm.

meq/100g
.4 meq/100g

N meq/100z.

M ©
RN
+Iw
NN

1.5 meq/100g

0.8 meq/100gg
+ meq/100g.

0%
0.9
1.7

0 - 0.5 meq/100g
0.6 - 1.6 meq/100g.
1.0+ meq/100g.

Cation Exchange Capacity.

a - very low: 0.~ 5 meq/100g
b - low: 5 = 15 meq/100g
¢ = medium: 15 - 30 meq/100g
d - high: 30+ meq/100g.

L]




2.7.

- 66 =

Derived Values:

2.7.1.

2.7.2.

Sodium Absorption Ratio (S.A.R.)

a - low: 0-5
b - medium: 6 - 10
¢ - high: 11 - 18
d - very high: 18+

Exchangeable Sodium Percentage (E.S.P.)

a - very low: 0-5
b - low: 6 - 10
¢ - medium: 10 = 15
d - high: 15+

e
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AMkaline soil

Alluvial soil

Base Saturation

Cation

Cation-Exchange

& dai’ i '
Capacity (C.E.C.

Concreations

Conductivi ty,
electrical

o
X

Consistence
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APPENDIX ITI

GLOSSARY OF TERMS

A soil having a pH value above 7.3. Generally a soil that is
alkaline throughout most or all of the parts of it occcupied
by plant roots.

Soils developing from transported and relatively recently
deposited material (alluvium) with little or no modification
of the original materials by soil-forming processes.

The relative degree to which soils have metallic cations
absorbed. The proportion of the cation-exchange capacity
that is saturated with metallic cations.

An ion carrying a positive charge of electricity. The cammon
soil cations are calcium, magnesium, sodium, potassium and
hydrogen.

A measure of the total amount of exchangeable cations that
can be held by the soil. It is expressed in terms of milli-
equivalents per 100 grams.

As a soil separate, the mineral soil particles less than
0.002 mm. in diameter. As a soil textural class, soil mate-
rial that contains 40 percent or more of clay, less than 45
percent of sand and less than 40 percent of silt.

Soil material that contain 27 to 40 percent of clay and 20 to
45 percent of sand.

Hard grains, pallets or nodules from concentration of com-
pounds in the soil that cement soil grains together.

A physical quantity that measures the readiness with which a
medium transmits electricity. Commonly used for expreezing
the salinity of irrigation waters and soil extracts becsuse it
can be directly related to salt concreation. It is expressed
in (mmhos/cm) at 25°C.

The combination of properties of soil material that determine
its resistance to crushing and its ability to be molded or
changed in shape. Consistence depends mainly on forces of
attraction between soil particles. Consistence ig described
by such words as loose, friable, firm, moft, plastic and
sticky, ete.
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Drainage, soil

Exchangeable
sodium

Field capacity

Fine textured soil

Heavy soil

Mechanical
analysis

Morphology, soil

lottled
Parent material

Parts per million
(P.P.M.)

Percolation

Permeability, soil
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(1) The rapidity and extent of the removal of water from the
soil by runoff and flow through the soil to under-ground
spaces.

(2) As a condition of the soil, it refers to the frequency and
duration of periods when the soil is free of saturation.

Sodium that is attached to the surface of soil particles which
can be exchanged with other positively charged ions in the
soil solution, such as calcium and magnesium.

The amount of moisture remaining in a soil after the free
water has been allowed to drain away into drier soil material
beneath; usually expressed as a percentage of the ovendry
weight of s0il or other convenient unit. It is the highest
amount of moisture that the soil will hold under conditions of
free drainage after excess water has drained away following a
rain or irrigation that has wet the whole soil.

Roughly, clayey soil containing 35 percent or more of clay.

An old term formerly used for clayey or fine-textured soils.
(The tem originated from the heavy draught on the horses
when plowing, )

The removal of material in solution by the passage of water
through soil.

An o0ld term formerly used for sandy or coarse-textured soils.

The physical analysis of soil materials to determine the
anounts of the wvarious soil separates, or grain-size
fractions.

The constitution of the soil including texture, structure,
consistence, colour and other physical, chemical and biologi-
E S

cal properties of the various scil horizong that make up the
soil profile.

Soil horizons irregularly marked with spots of colour. A
cdimon cause mottling is imperfect or poor drainage.

Unconsolidated mineral material or peat from which the soil
profile develops.

A notation for indicating a small amount of material. The
expression gives the nmumber of units by weight of the sub-
stance per million weight units of ovendry soil.

The downward movement of water {through soil.

The quality of a soil horizon that enables water or air to
move through it.
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Profile (soil)

Reaction, soil

Relief

Run-off

Saline soil

Sand

Sandy clay

Sandy loam

Silt

Soil

Soil survey

-0 -

A numerical designation of relatively weak acidity or alka-
linity as in soils and in other biological systems. Techni-
cally pH is the common logarithm of the reciprocals of the
hydrogen concentration of a solution. A pH of 7 indicates
precise neutrality, higher values indicate increasing alka-
linity and lower values increasing acidity.

A vertical section of the soil through all its horizons and
extending into the parent material.

The degree of acidity or alkalinity of a soil mass, expressed
in either pH value or in words.

Elevations or inegualities of the land surface, considered
collectively.

The gurface flow of water from an area.

A soil containing enough soluble salts to impair its producti-
vity for plants.

Individual rock or mineral fragments in soils having diameters
ranging from 0.5 mm to 2.0 mm. The textural class name of
any soil that contains 5 percent or more of sand and not more
than 10 percent of clay.

The textural class name of any soil containing 35 percent or
more of clay and 45 percent or more of sand.

Soils of this textural clagss contain less than 20 percent clay
or more than 50 percent sand.

A group of soils that have soil horizons similar in their
defferentiating characteristics and arrangement in the pro~-
file, except for surface texture, and are formed from a parti-
cular type of parent material.

(1) Individual mineral particles of soil that range in diame-
ter between 0,05 mm to 0,002 mm. 1

(2) Soil of the textural class silt contains 80 percer@silt
and less than 12 percent of clay.

A collection of natural bodies occupying parts of the earth's
surface that support plants and that have properties due to
the intergrated effects of climate and living matter acting
upon parent material, as conditioned by relief over periods
of time.

A general term for the systematic examination of soils in the
field and in the laboratories, their description and clagsifi~-
cation, the mapping of kinds of soil, and the interpretation
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Surface soil

Textural class or
texture

Topography

Topsoil

' 4

Type, soil

- -

of scils according to their adaptability for wvarious crops,
grasses, and trees, their behaviour under use or treatment
for plant production or for other purposes, and their produc-
tivity under different management systems.

The upper part of a soil profile, above the parent material
in which the processes of soil formation are active.

The arrangement of primary soil particles into compound par-
ticles or clusters that are separated from adjoining aggre-
gates and have properties unlike those of an equal mass of
unaggregated primary soil particles. The principal forms of
soil structure are platy, prismatic, columnar (prisms with
rounded tops), blocky (angular or subangular), and granular.
tructureless soils are
(1) single grain - each grain by itself, as in dune sand, or
(2) massive - the particles adhering together without any
regular cleavage as in many claypans and hard pans.
("Good" or “bad"™ tilth are terms for the general structural
condition of cultivated soils according to particular plants
or sequences of plants.)

A layer lying beneath the solum or true soil. It is applied
to both parent materials and to other unconforming layers
below the solum,

The soil ordinarily moved in tillage, or its equivalent in
uncultivated soil, about 15 to 20 em.

Names given to soil material, and refers to the proportions
of sand, silt and clay in a mass of soil on a percentage
basgis.

The shape of the ground surface, such as hills, mountains or
plains.

A general term used in at least four different senses:

(1) A presumed fertile soil or soil material, usually rich in
organic matter, used to topdress roadbanks, lawns, and
gardens; -8

(2) the surface plow layer of a soil and thus a synonyzy for
surface soil; E

(3) the original or present dark-colored upper soil which
ranges from a mere fraction of an inch to 2 or 3 feet on
different kinds of so0il; and

(4) the original or present A horizon, varying widely among
different kinds of soil. Applied to soils in the field,
the term has no precise meaning unless defined as to depth
or productivity in relation to a speecific kind of soil.

It is a2 sub-group of the soil series and is based on the
texture of the surface soil.
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water T

Water-holding

The vhysical property of soil that is based on surface force
wotion and that makes it necessary to do work in order to
remove water from soil pores and from soil surface.

The upper limit of the part of the soil or underlying rock
material that is wholly saturated with water. In some places
an upper or perched, water table may be geparated from a

lower one by a dry zone.

Tbn capacity (or ability) of 5011 to hold water; field capa-
ty is the amount held against gravity or 1 atmosphere
tension or pF 2.7.

The moisture content of soil, or an overdry basis,
1 1': s (especially sunflower plants) wilt and fail to recover

:.L ' 4
heir turgidity when placed in a dark hunid atmosphere.

d"'d
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Textured limits

Textured unit limits

700 o5 80 50 40
Per cend sond

a1 2 end &d e = w1l unnt +ae 3 | H and .
Figure 1 - Quantitative definition of four textural units: L, M, H, an e

‘ (Modified from D. A. Holmes and S. Western)
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Textural Groups

a. Simple sequence: finer textures (HV) overlying
coarser textures (IM)

Simple sequence: coarser textures ( rer—
. - P2 -t =
lying finer textures (HV)

c. Complex sequence: coarser textures (1M) and
finer textures (HV) interbedded.

Figure 3 ~ Diagrammatic illustration of the textural
grouvs of the upper soil

(From D. A. Holmes and S. Western).




oIS

*9)1j0.4d {108 Jaddn ayi jo @C._ﬁou joangxa} joatdLy

[0

7018

‘ IS3A

Lz| Ssiz] =] =| > |

.___Ej_w _

f|1|ILO

=] =] =s[=2] =] 2]

|=] =] =] =] =] =]

¢ 2 3HNold

+ 3TN0 TvEnix3l

ogl

06
SL

og




	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 
	Insert from: "WOSSAC_BenueRiver2.pdf"
	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 

	Insert from: "WOSSAC_BenueRiver3.pdf"
	Page 1 
	Page 2 
	Page 3 
	Page 4 
	Page 5 
	Page 6 
	Page 7 
	Page 8 
	Page 9 
	Page 10 
	Page 11 
	Page 12 
	Page 13 
	Page 14 
	Page 15 
	Page 16 
	Page 17 
	Page 18 
	Page 19 
	Page 20 
	Page 21 
	Page 22 
	Page 23 
	Page 24 
	Page 25 
	Page 26 
	Page 27 
	Page 28 
	Page 29 
	Page 30 
	Page 31 
	Page 32 
	Page 33 
	Page 34 
	Page 35 
	Page 36 
	Page 37 
	Page 38 
	Page 39 
	Page 40 
	Page 41 
	Page 42 
	Page 43 
	Page 44 
	Page 45 
	Page 46 
	Page 47 
	Page 48 
	Page 49 
	Page 50 
	Page 51 
	Page 52 
	Page 53 
	Page 54 
	Page 55 
	Page 56 
	Page 57 
	Page 58 
	Page 59 
	Page 60 
	Page 61 
	Page 62 
	Page 63 
	Page 64 
	Page 65 
	Page 66 
	Page 67 
	Page 68 
	Page 69 
	Page 70 
	Page 71 
	Page 72 
	Page 73 
	Page 74 
	Page 75 
	Page 76 
	Page 77 
	Page 78 
	Page 79 
	Page 80 
	Page 81 
	Page 82 
	Page 83 
	Page 84 
	Page 85 
	Page 86 
	Page 87 
	Page 88 
	Page 89 
	Page 90 
	Page 91 
	Page 92 
	Page 93 
	Page 94 
	Page 95 
	Page 96 
	Page 97 
	Page 98 
	Page 99 
	Page 100 
	Page 101 
	Page 102 
	Page 103 
	Page 104 
	Page 105 
	Page 106 
	Page 107 
	Page 108 
	Page 109 
	Page 110 
	Page 111 
	Page 112 
	Page 113 
	Page 114 
	Page 115 
	Page 116 
	Page 117 
	Page 118 
	Page 119 


